








Follow this and additional works at: https://tigerprints.clemson.edu/history_pubs
Part of the Women's History Commons
This Thesis is brought to you for free and open access by the History at TigerPrints. It has been accepted for inclusion in Publications by an authorized
administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.
Recommended Citation
Mack, Pamela Etter, "Women in Astronomy in the United States 1875-1920" (1977). Publications. 7.
https://tigerprints.clemson.edu/history_pubs/7
Fig . 1 . Annie Jump C nnon 
vol . 112 , fron ispicc ) 
WOMEN IN ASTRONOMY IN THE UNITED STATES 1875-1920 
A thesis presented 
by 
Pamela Etter Mack 
to 
The Conunittee on History and Science 
in partial fulfillment 
of the requirements for the degree of 






I. INTRODUCTI ON .............................. 1 
The Si tuation o f As t ronomy .............. 4 
The Posit ion o f Women ................... 7 
II. THE DEVELOPMENT OF A PLACE FOR WOMEN 
IN AS TRONOMY : VASSAR ...................... 9 
III. THE SITUATION OF WOMEN IN OBSERVATORIES : 
HARVARD ................................... 21 
IV. WOMEN 'S CAREERS IN ASTRONOMY .............. 35 
Wome n in Ob servatories .................. 38 
Women in Sc ientific Societies ........... 42 
An Un s uccessful Woman ................... 44 
V. SCIENTI FIC WORK AT THE WOMEN ' S COLLEGES ... 48 
VI. THE SCI ENTIFIC WORK OF THE WOMEN AT 
HARVARD .................................... 6 2 
Williamina F l eming ...................... 6 3 
Antoni a Maury ........................... 68 
Anni e Cannon ............................ 7 6 
Henrie tta Leavitt ....................... 85 
VII. DISCUSSI ON AND CONCLUS I ONS ................ 90 
ENDNOTES ........................................ 9 9 
APPENDICES ...................................... 111 
A. Statistica l Study .................... 111 
B. Corre spondence Conce r ning Ma r y 
Wagner ............................... 12 7 
C. List of Wome n ........................ 134 
BIBLIOGRAPHY . .................................. . 14 9 
ILLUSTRATIONS 
Figure 
1. Photogr aph of Annie Cannon .................. frontispiece 
2. Photograph o f Maria Mitchell . . ................... 11 
3. Photograph of Vassar College Observatory . . ....... 13 
4. Pho t ograph of the Senior Astronomy Class at 
Vas sar in 1868 ............ . . . ................. . 1 6 
5. Photograph of Harvard ' s Wo~en Computers ... . ...... 22 
6. Photograph of Edward C. Pickering ...... . ......... 25 
7. Photograph of the Women ' s Workroom at Harvard ... . 29 
8. Photograph of Women at Harvard in the late 1920s . 33 
9. Pho t o graph of members of the staff of Mt . 
Wilson with mules .............................. 3 9 
10. Photograph of the 0th meeting of the 
As tronomical and Astrophysical Society ......... 43 
11. Pho t ograph of Women at a 1920 meeting at Smith . . . 49 
12. Graph of five year averages of the percentage 
of papers by women in three journals ........... 51 
13. Pho t ograph of Mary Whitney ....................... 5 3 
14. Pho t o graph of Anne Young .. . ...................... 56 
15. Phot ograph of Sarah Whiting ........ . ... . ...... . . . 5 9 
16. Photograph of Williamina Fleming . . ............... 64 
17. Photograph of Antonia Maury ....... . .............. 69 
18. Phot ograph of typical spectra . . .................. 71 
19. Pho tograph o f Annie Cannon at Oxford ............. 77 
20. Zerox of a page from the Henry Draper Catalogue .. 79 
21. Zerox o f a chart from the Henry Draper 
Exte ns ion ...................................... 8 0 
22. Photograph of Annie Cannon in Peru ............... 83 
23. Photograph of Henrietta Leavitt .................. 86 
24. Tabl e o f fields , doctorates , marital status , 
and occupation of women scientists ............. 114 
25. Ta ble o f number of women who worked at major 
obse r vatories .................................. 117 
26. Tabl e o f n umber of graduates of various women ' s 
colleges who worked at each observatory ........ 12 0 
27. Table o f universities f rom which graduates of 
wome n's co l l eges earn ed h igher degrees ......... 1 2 0 
28. Graph o f n umbe r of papers by women in the 
Astrop hysi c al Journal .......................... 1 23 
29. Graph o f pe rcentage of papers by women i n 
the Astrophy s ical Journal ...................... 1 23 
30. Graph o f number of papers by women in the 
Astronomic a l Journal .......................... . 124 
31. Graph of percentage of papers by women in 
the Astronomical Journal ....................... 125 
32. Graph of number of papers by women in 
Popular Astronomy .............................. 12 6 
33. Graph of percentage of papers by women in 
Popular Astronomy .............................. 12 6 
ACKNOWLEDGMENTS 
Most of all I want to thank Professor Gingerich 
for his patience and time and all kinds of help. I couldn't 
have done it without him. 
I am grateful to Dr . George Field , Director of the 
Center for Astrophysics , for a grant which allowed me to 
work part time on research for this thesis last summer . 
Many of the women at the observatory have helped 
me by discussing my ideas with me and reading what I have 
written . I would like to thank particularly Barbara \elther 
for ideas, advice on writing , and proofreadin . Thanks 
are also due to artha Liller (who provided me with many of 
the photographs), Andrea Dupree , Ursula arvin , and Joan 
Jordan (for lots of mor l support) . 
I want to thank 11 the women who \ere kind enough 
to agree to be intervie\ed , particularly Cecilia Payne-
Gaposchkin, who has hel d me on number of occasions, 
and Margaret ay 11 for llowing me to examine Annie Cannon's 
letters and ditiries . 
I am than ful to 11 the people at archives and 
libraries who helped me, particularly Andre Gillis and 
Bill Whalen t the Harvard rchi es . 
I am grateful also to the people who helped me 
when I was first getting started on this roject , Gil 
Whit temore and Joan Rich rds , and to Professor lendelsohn 
for lot s of inspiration. 
Last but not least I want to thank my sort - of 
roomates , Bruce Rosen (who h s helped m \ ith 11 aspects 
of this project), Laura Brown , and Karen Kohler for helping 
me, supporting me , and putting up with me while I did it . 
CHAP TER I 
I NTRODUCTIO 
In the period from about 1875 to 1920 (the dates 
1 are o n l y intended to be approximate) more than 164 women 
he l d astronomical jobs in the United States , and a few became 
famous for important scientific contributions . This seems 
surprising at first , because it is not a period in which many 
opportunities were open to wo en , particularly for intellectual 
pursuits . This thesis will examine the develo ent of a 
role for women in astronomy and t e re sons for the 
acc eptance of women into this field . The go 1 is to shov 
how the scientific work done by the women stronomers w s 
a ff cted by th limitations of the op or unites open to them . 
The position of women in astronomy in this period 
ha s not been previously studied in depth except for a few 
ind ividuals and institutions . I first came to this topic 
out o f c u r iosity about the few famous wome who are mentioned 
in e l ementary astronomy courses and textbooks . I was 
interested in where t hese women cam from , and whether 
the y we r e i solated e xceptions or the most visible p rt of 
a la rge r tre nd . The tr nd has in f ct turned out to be 
large r than I e v er expected . Women filled a signific nt 
place in astronomy in the Uni ted Stutes by the early 
1 
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twentieth century, and the body of this the sis is devoted 
to tracing the d e v e lopment a nd na t ure of th i s role, of 
showing the pos i tion o f o rd i na r y women a s tronomers f r om 
which the famou s wome n came . It is a si t uation t hat s eems 
anomalous, and I wa nted to find out why it arose . 
There are t wo r easons to discuss the posi t ion of 
women in sc ience . The first is that they have often been 
give n l e ss h istorica l attention than they deserve . Secondly 
and mo re important , t he pressure s which science puts on 
membe r s o f minority grou s within the field and the effects 
of these pressures on the people involved are things we 
need to unde r stand tod y . A study of the acceptance of 
a new g r oup of par ici an s , such as women , into scie nce 
can e lucida t e th social s ructure of science and the w ys 
in wh ic h t h is structure influences he scien if ic work 
being done . The question of the way science treats minority 
groups c a nnot be answ red generally rom one case , but it 
lies b e h ind the nalysis of the de elo me n of the position 
of wome n i n astronomy given in the 1 st c h a ter . 
The r e is muc h that could not be don within the 
scope o f this hesis . I undertook a chival r search at 
Harvard a nd many o f the older women ' s c o lleges , su r veyed 
the astronomica l j ourna l s fo r papers by women , a n d interviewed 
some wome n who we r e at Harvard i n the 19 2 0s (and o n e who 
started work at Harvard in 190 6 ) and who r membe r the worn n 
who were there earlie r. Bec a use o f t he limitation s of time 
3 
I could not carry out arch~val research on the position of 
the l ess famous men astronomers as would be necessary 
for detailed conclusions about how the position of women 
was different from that of men . It also proved impossible , 
because of lack of published material on women in other sciences, 
to find out much about how the positions of women varied 
from one sci nc o ano her . ost of my m t rial is historical ; 
it is only a small art of what shoul be a larger study . 
More compara ive work is necessary in ord r o dra 
conclusions abou 
treatment and wh 
why women 
his r 
ece ed a ce t in 
eals a o science . 
sor of 
Bee use 
of thec;elimitations the concl sions h 
tentative , bu I ho e he ~ill ser e 
I ca draw are only 
s s gges ions for 
future r sc rch . 
A rol e for wome in s ro om 1 he ni ed L'i es 
developed through he in e c io of nu er o i s l tions . 
In ord r to sp r he rea r con usion n o k e he 
l eng h re son ble , cer in institu io s , mos ota ly 
Vassar and H rvar , will be t ken x m 1 s of the 
develo ment of a osi ion for worn n in s rono an iscusse 
in detail. Oth rs, whos histori ar in r sting u 
similar , will only be summariz d in he discussion of women ' s 
careers and the scientific work of he worn n ' s colleges. 
is followed by a discussion of h four women t H r r 
who became famous and a general n lysis with tent ive 
conclusions . The purpos of this hesis is not to gi e 
This 
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a complete history of women in astronomy in this period, 
but rather to study the institutional and social roots of 
the historical developments. 
The Situation of Astronomy 
In order to understand the history of the women 
astronomers it is important to remember that professional 
astronomy had only recently b e en established in America. 
The first permanent observatory in the United States was 
established in 1838 by Albert Hopkins at Williams College. 
The first observatories capable of competing with those 
in Europe were Harvard College Observatory, founded in 
1839, the Naval Observatory, founded in about 1842, and the 
Cincinnati Observatory, founded in 1843. Even these 
institutions did not always pursue original astronomical 
research; the Cincinnati Observatory suffered from disagre ements 
between the trustees and the director, and Congress demanded 
that the Naval Observatory do only research related to 
navigation. Small observatories grew up quickly at various 
colleges, but when women first entered astronomy in the 
1870s, astronomical work in the United States had not yet 
caught up with that being done in Europe. 
The first development to change the balance of 
power in astronomy in the late nineteenth century was 
photography. The first photograph of a star was a daguerreo-
type taken in 1850 at Harvard College Observatory while 
William Cranch Bond was the director. 2 It was not until the 
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development of dry plates (because a wet plate cannot be 
kept wet for the necessary long exposures), though, that 
photography became useful to astronomy. Soon photographic 
plates were being taken in large numbers, particularly 
at Harvard, and they were available as a permanent record 
which could be observed and compared at leisure. This 
influenced the kind of astronomical work being done because 
this was most helpful for the study of large numbers of 
faint objects, such as unusual stars and nebulae. 
The second major trend in institutions and instruments 
in this period was the development of large observatories 
supported by private philanthropy. New and larger telescopes 
were built at a rapid rate because of the support of rich 
benefactors who each wanted to give the largest telescope 
in the world. This resulted in the 36-inch refractor at 
Lick Ob~ervatory in 1889, the 40-inch refractor at Yerkes 
Observatory in 1897, and the 60-inch and 100-inch reflectors 
at Mount Wilson in 1908 and 1917. 3 These telescopes 
brought the United States to leadership in observational 
astronomy. They stimulated an interest in the size and 
structure of the universe, because they could see fainter 
and more distant objects than ever before. Work on these 
topics resulted in the better understanding of the size 
of our galaxy and the nature of the spiral nebulae which was 
developed in the 1920s. 
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All these observatories were of semi-independent 
status. Cincinnati Observatory was funded by public 
subscription, the Naval Observatory mostly by Congress 
(giving it less independence). The staff of Harvard College 
Observatory had no teaching responsibility, despite its 
connection to the university, and graduate students were 
not accepted until the 1920s. Yerkes was similarly attached 
to the University of Chicago. The Carnegie Foundation 
supported Mount Wilson, so it was independent of any 
university. Because observatories were not yet closely 
connected with universities the academic status of astronomy 
was uncertain. Many astronomers (Simon Newcomb, for example) 
were mostly self-educated, and even the young and rising 
astronomers in the late nineteenth century learned physics 
and mathematics in colleges but learned astronomy by working 
as assistants in observatories. 
The scientific state of astronomy reflected this 
recent transition to professional status, which had happened 
only a few decades earlier in Europe. Amateur astronomers 
had concentrated on individual interesting objects; professional 
astronomers had the resources to undertake the massive 
compilations of data that were increasingly necessary. One 
of the major research projects of most observatories in 
the third quarter of the nineteenth century was determining 
star positions. In the last quarter of the nineteenth 
century a new sort of astronomy .grew up, astrophysics. Using 
7 
the spe ctroscope as a tool , astronome r s stud ied the s pectra 
of s tars . Mount Wilson pa rticul a rly became a cen te r f or 
work on the solar s pectr um a nd th e fea tures of the sun . 
Th is work bore fruit in t he ea rly t we n tie t h century whe n 
the d e v e lopme nt o f qua n tum mec hanics began to al l o w a 
physic a l understanding of t h e observed spectra . 
The Position of Women 
The position of women in late nineteenth and early 
twentieth century America is a subject that is just beginning 
to b e studied . During the 1880s and 1890s the feminist 
movement , which h d been fig ting for su frage for women 
since 1 8 4 8 , 4 became more ~id sp ad , but li le was act ally 
accomplishe . Part of th reason for the incre se in the 
number of women s king c r rs was t he de th of 
so ma n y men during he ci il w r i er sed the number of 
unmarried women who ha o work o su ort th 5 sel es . 
The ideological base of th feminist o em nt of the late 
ninetee n t h century was a revolt against the ictorian i ge 
o f wome n as i deal passi er tur s . The feminists sserted 
(but mos t people stil l di ngre d) that women ~e e ca able 
o f inte llec tual urs ui ts and s ho u ld take n acti e role 
i n politica l a nd social issues . It s ho ul d b remembere 
that wome n did no t e v e n g t the ri ght to vot i n the United 
States until 1920 . 
Conside rabl e con trove r s y surrounded t he s u bje t of 
higher education for wome n during this pe riod . Publi c 
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education became widespread during the nineteenth century and 
women began to fill the teaching jobs. The first academically 
rigorous women's college, Vassar, was founded in 1865. It 
seemed desirable to have better educated teachers, particularly 
as women began to be allowed to teach high school, and upper-
and upper-middle-class women increasingly demanded e ducation. 
People raised serious arguments about the effect of education 
of women's health and reproductive ability, but as the first 
women with college degrees married and had children, 
education became more and more acceptable for women. The 
women's colleges sought to give women the same education 
that men got, so the emphasis was on the classics. Science 
was not ignored, however, and in fact women's colleges were 
often leaders in the introd~ction of new methods of teaching 
science. The growing numbe r of qualified college graduates 
put pressure on the graduate and professional schools to 
admit women, and in the last decade of the nineteenth 
century and the early twentieth century opportunities for 
advanced study opened up in considerable numbers, but not 
without a fight. By the 1920s women were firmly established 
in graduate study, and in fact a higher percentage of all 
Ph.D. 's were given to women in the decade 1920-29 than in 
the decade 1960-69. 6 
CHAPTER II 
THE DEVELOPMENT OF A PLACE FOR WOMEN 
IN ASTRONOMY: VASSAR 
Maria Mitchell, the first director of the Vassar 
College Observatory, created the earliest opportunities 
for women to study astronomy on a level which would 
prepare them for professional careers. Maria Mitchell 
had discovered a comet in 1847, thus becoming America's 
first famous woman astronomer. When Vassar College was 
founded in 1865 she became professor of astronomy, and set 
up a program of rigorous astronomical training and commitment 
to research which served as a model for the other women's 
colleges. The development of the program at Vassar is 
typical of the women's colleges: from early equipment 
problems, to growing numbers of students which convinced 
the administration to improve the equipment but resulted 
in a teaching load that left little time for research, to 
the hiring of additional faculty and a new commitment to 
original research. Vassar also provides an example of 
the growth of ties between the women's colleges and the 
large observatories that allowed the women's colleges 
to place their graduates in astronomical jobs. 
9 
10 
In 1847, Maria Mitchell, the 29 year-old librarian 
of the Nantucket Atheneum, discovered a comet. She had 
learned astronomy from her father, a noted amateur, had 
studied extensively on her own from books, and was an 
able and dedicated observer. Her father sent word (a few 
days later because of a storm which delayed the mail from 
the island) of her discovery to his friend William Bond, 
the director of Harvard College Observatory, who confirmed 
it and sent a report to the president of Harvard, Edward 
Everett. It happened that the King of Denmark offered a 
gold medal for the first discovery of a telescopic comet. 
The committee decided initially to give the award to 
Father Francesco de Vico of Rome, who had discovered the 
same comet two days later (tra~satlantic mail was so slow 
that the decision was made before the news of Mitchell's 
discovery arrived). But, as Jones and Boyd wr6te: ''President 
Everett, who believed that George Bond had been unjustly 
deprived of the medal in 1846, determined that an American 
astronomer should not be outdone a second time." 7 After 
some diplomatic wrangling, Mitchell received the prize 
that made her famous. 
The combination of this honor and her father's 
personal connections enabled her to find professional 
employment. Her position as a dutiful unmarried daughter 
taking care of her aging father made it necessary for her 
to continue to work. A friend of pers, Commander Charles H. 
j 
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Fig . 2 . Maria Michell at her telescope in antucket, 
from a painting by Hermione Dassel (1851) , Jones and Boyd, 
The Harvard College Observatory , p . 384 . 
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Davis, hired her as a computer (one who does computations) 
for the Coast Survey in 1849, at a salary of $300 a year. 
She worked at home computing tables of the positions of 
planets (because she was a woman she was assigned Venus) 
for the American Ephemeris and autical Almanac , an annual 
compilation of astronomical tables for mariners . 8 In 
1865 the founder of Vassar College , atthew Vassar , as 
part of his attempt to involve the foremost American women 
scholars in the first women's college that sought to be 
of comparable quality to the best men ' s colleges (an attempt 
which was questioned by a number of trustees i,..ho did not 
approve of women professo s) , invit aria itchell to 
be professor of astronomy nd dir ctor of the observatory . 
He promised her an observatory egui e for research an 
a hous e for herself and her father . aria 'tchell accepted 
the position, and she and her father lived an worked there 
until his death in 1869 und her retir ment in 1888 . 
Vassar supplied M ria 1itchell with equip ent that 
should have b en sufficient for worthwhile scientific 
research. When minor problems rose, ho\evcr, the college 
was reluctant to spend the money to solve them. With a 
12-inch objective lens, the equatorial telescope was one 
of the largest in the United Stat s in 1865, but the objective 
was of poor quality. Mitchell wrote: 
After near ly three y ars I h av come to the conclusion, 
that the t lescope ' s illuminating pow r is good; its 
defining power bad. It picks up minut points of light 
Fig . 3 . Vassar College Observatory (Popular Astronomy 30 (1922) : facing 
p . 604) . 
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very well; it dos not give them a sharp outline .... 
It is exceedingly tryin g t o an observer , to have in 
charge a telescope ran king as fourth or fifth in the 
country, and to be unabl e to compete with those of much 
less aperatur . 9 
Alvin Cl rk and Sons (the most famous telescope maker in 
the country and possibly the best in the world at that 
time) refigured the objective in 1868 , and in her next 
annual r eport itchell proudly claimed that the telescope 
ranked th ird in the country , exceede only b hose in 
10 Chicago and Cambri ge . This problem solved , howe er , 
difficult i s arose with the mounting of the le scope . 
An inadcqua e mounting de he comet nd s eroid osition 
work, wh ich later bee e e major rcse rch i tcrest o 
the women ' s colleges , im ossi le , so ·i chell concentra ed 
on observations o he surfa e features of Jupiter nd 
Saturn. These wer ublish in illim'1ns nd the 
American Journ cicnce . e fin 1 } rs e t e 
college to rovide h money o h v 
in 1887. 11 
e ounti g rebuilt 
Despit the e probl ms ri l i hell g e her 
students tr ining nd ins ira ion to be co e of cssional 
astronomers . A gift te cher , sh ncour gc h r stud nts 
to quest ion what they wcr ught and 1 r n or hcmselv s . 
Brought up a Quaker and de ly involv d in th women ' s 
movement (in fact she w s pr sident of the fourth Women ' s 
Congres s in 1876 in Philadel hi ) , s h e wrote : "I consider 
it one of my duti s to th young wome n who come into my 
12 
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departme nt to encourage a respect for r emunerative occupation. 
Why should girls be brought up with a n idea that paid 
labor is ignoble? 1113 A letter from one of her students 
to another shows that she communicated these beliefs to 
students and made them want to seek astronomical careers 
even though they were discouraged by attitudes towards 
women in the outside world . In 1870 Gertrude Mead , studying 
for her M.A. at Vassar, wrote to ary \hitney , who later 
became Mitchell ' s successor : 
You think I am brave . Well , if I am , what are you? 
To be sure I am back here alone , b t then I have iss 
Mitchell and all these grand instruments , and nobody 
makes fun of it all here . But when I get home , no one 
there will take any interest in Astronom . I shall have 
no telescope at first , and there ill be no one t ere 
to help me on . Do you think I shall be brave enough 
then to hold on tight to vhat I have begun? ~hen I 
think of it so , I get discouraged . Presently I think 
o f it this way . There you h e been a\ay from the college 
two year . You h ve your telcs o e , and ha e commence 
work , and no~ you h ve even go e out to Saffo d . 14 If 
you have held out , ..;h shouldn ' t I? Th n I feel better .... 
I believe in you thoroughly, and th t is \hat I don ' t 
in many. You s id last commenc ment d y , "It is worth 
working for . " I believed you , n I sh 11 al\'a_ s 
cling to that sentence .... Will you help me to hold 
on, and t k n interest in what I o in 't? I never 
expect to accom lish much . I h ve thought it all over, 
and don't think I care t all to get fame . I want to 
work at it because I love it, nd bee use it is so much 
better to have a pur ose to live for th n to have 
nothin g . 15 
Two of Maria Mitchell ' s students , M ry Whitney and Antonia 
Maury, went on to become notabl astronom rs , and a number 
of her students became professionals in other fields . 
Maria Mitchell trained Mary Whitney as her successor . 
Whitne y graduated from Vassar in 1868 and received her 1. A. 
16 
Fig . 4 . The Hexagon, senior astronomy class 
at Vassar College in 1868. Mary Whitney is seated at 
the table (Popular Astronomy 30 (1922): 599). 
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from Vassar in 1872. She studied at Harvard in 1869-70 
and 1872. Maria Mitchell persuaded the famous Ha rvard 
mathematician Professor Benjamin Peirce to invite Whitney 
to attend as his guest first his lecture s on Quaternions 
and then his senior course of c e lestial mechanics (her 
fellow student s in the latter were William Byerly and James 
Mill Peirce, both of whom became Harvard professors) . 16 
Whitney taught high school in Massachusetts in 1872-74. 
In 1874, when her sister went to Zurich to study medicine 
(because the re was little opportunity for women to study 
medicine in the United States) , M ry Whitney accompanied 
her, and studied mathematics there for two years. In 
1881 she became Maria Mitchell's assistant , and in 1888, 
when Mitchell retired , she b c me professor of astronomy 
and director of th Vassar Colleg Observatory . 
Despite a heavy teaching load, Whitney pursued 
some original res arch . By 1906-7 there were eight 
different astronomy courses given, with a total of 160 
students. 17 Whitney hired with her own funds an assistant, 
Caroline Furness, who helped with the teaching and research 
from 1894 to 1910, and later succeeded Whitney as professor 
of astronomy. In an annual report Whitney described their 
schedule: a graduate student "observes every evening when 
the telescopes are not in use by undergraduates. Frequently, 
when clear evenings have been few, she uses the glass up 
to 10 o'clock; then Miss Furness and I begin our special work, 
and carry it on to 1 or 2 
18 
1118 am. In addition to visual 
research, the equipment was upgraded, sometime in the 1890s, 
by the purchase of a Repsold machine for making accurate 
measurements of stars on photographic plates , which allowed 
research on plates borrowed from other observatories (the 
equatorial at Vassar was not suited for photographic work) . 19 
Whitney published many papers in the astronomical journals , 
sometimes with Furness or a graduate student, on cornets , 
asteroids, and variable stars . This work will be discussed 
further when the scientific work of the women ' s colleges 
is considered. 
Most significant for the development of an institutional 
position for women in astronomy, however , was not the 
scienti fic work done at th women ' s colleges , because they 
employed so few women , but the de cloprnent of connections 
with the large obs rvatories that en bled the women's 
colleges to place their graduate in jobs . As will be 
discussed later the large observ tories started to employ 
women in the 1880s and 1890s. The women did the routine 
computation and measurement of photographic lates that 
became increasingly necess ry as astronomy became more 
mathematical and more depe ndent on photogr phy. Vassar 
was particularly successful in placing its graduates in 
this sort of work; alumnae records show that of 21 women 
mentioned in the records of the astronomy department 
who pursued astronomical work after graduation, nine worked 
19 
for three years or more at an observatory not connected 
with a women's college (compared with two of a similar 
group of 14 Smith graduates). 2° Five Vassar women worked 
at least briefly at Mt. Wilson, two at Yerkes, three at 
Harvard, three at Columbia, and one each at Allegheny, Lick, 
Yale, and the Naval Observatory. 
The basis of these institutional connections 
was personal friendships. Cooperation between Vassar and 
Columbia started in 1896 when Prof. Harold Jacoby suggested 
that Caroline Furness make a detailed study of some plates 
of the region around the north pole. 21 Furness got her 
Ph.D. from Columbia in 1900 for this work. Yerkes accepted 
women for positions as volunteer summer assistants, and 
Furness worked there under Hale in 1900. The friends 
she made there were useful; in 1903 Frank Schlesinger 
wrote her that she should encourage one of her students 
to apply to Professor Hale for a job at Yerkes as a computer 
on parallax work supported by the Carnegie Foundation. 
He added that conditions for boarding had improved since 
22 Furness's stay. The connection with Mount Wilson was 
established when Hale left Yerkes to be the first director 
of Mount Wilson. 
Letters from these various observatories show that 
they looked to Vassar when they wanted to hire women. 
George E. Hale, then at Yerkes, wrote to Mary Whitney in 
1901 to ask: "Can you recommend any young women for work 
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. . d t. 1123 here in measuring an compu ing? Simon Newcomb of the 
Naval Observatory wrote in 1905: "I now have work for one 
or two good computers; if you have any that you can recommend 
for intelligence, accuracy and speed I should be very much 
24 pleased." An engineer from the American Telephone and 
Telegraph Company, inquiring if Vassar graduates were 
trained for and interested in the sort of computing he 
needed done, wrote: "Last winter, in talking with Mr. Walter 
S. Adams about the work at the Mount Wilson Solar Observatory, 
he said that a large part of the computing was done by 
Vassar graduates who had received their training in your 
department of Astronomy which had especially fitted them 
25 for such work." 
The development of ~he astronomy department at 
Vassar illustrates the growth of a role for women in 
astronomy. At Vassar women could obtain the education 
they needed to become astronomers. They also found a 
career structure; their education prepared them for particular 
jobs, even though there may not always have been enough 
jobs to go around. The personal leadership for the development 
of this professional structure came from Maria Mitchell and 
Mary Whitney; much must be attributed to their effort and 
their belief that women could do scientific work. The 
astronomy programs at the women's colleges were successful; 
it was not lack of opportunity for scientific training 
that prevented women astronomers from doing original 
scientific work. 
CHAPTER III 
THE SITUATION OF WOMEN IN OBSERVATORIES: 
HARVARD 
There were two types of careers open to women 
astronomers: as professors in women's colleges or as 
assistants in large observatories. Harvard College Observatory 
will be examined as a case study of the opportunities 
open to women astronomers at observatories. The other 
large observatories--the Naval Observatory, Yerkes, Columbia, 
Mt. Wilson--also hired women assistants . But Harvard hired 
women first and employed the largest number of women, so 
it probably served as an example for the others. The women 
astronomers who made the largest scientific contributions 
worked at Harvard. Women were hired as computers to do the 
routine calculations and make measurements on photographic 
plates. Most of the women had l±ttle scientific training 
or talent, but those with more ability found some opportunities 
for creative work open to them. This chapter will look 
at the women at Harvard as a group, leaving until a later 
chapter the individual achievements of the women who 
became famous. 
The example Maria Mitchell set at the Coast Survey 
may have encouraged Harvard to hire women. Maria Mitchell 
21 
Fig . 5 . Harvard ' s Women Com u ers , 
Woods , Evelyn F . Leland , Florene Cushm n , Gr ce Brooks , 
Leavitt , Mollie O' Reilly , Edith F . Gill , Al C rpenter , 
Dorothy Block , Arville D. Walker , Frank Hink y (courtesy 
Observatory) . 
Left to right-- Ida E . 
Mary H. Vann , Henrietta 
Annie J . Cannon , 
of Harvard College 
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rece ive d fr i endsh ip a nd help fr om William Bond , the first 
dire c t o r o f Harvard College Observatory , and his son 
George , the second director . 2 6 Perhaps on their advice , 
since t he Coast Survey was based in Cambridge and closely 
connected with Harvard , Commander Davis hired Mitchell to 
do c omputations for the American Ephemeris and autical 
Almanac (a publication of the Coast Survey) . When Davis 
was o rdered to sea and Joseph Winlock succeeded him 
in 1 857 , Mitchell was still employed by the Coast Survey , 
though she did her work at home rather than in Cambridge . 
In 1 886 Winlock became the third director of Harvard College 
Ob servatory , and held the position until his death in July 
o f 1 875 . Harvard hired the first hree women in that same 
year , although prob bly not until after h died . Whether 
Wi n lock had plann d the hiring of women or someone else 
proposed it later , it is rob bl that the xample of ~aria 
Mi tchell made the idea of hiring women to do computing at 
Ha r vard seem reasonable . 
At least two of the first three women hired at 
Harvard had long connections with the observatory and were 
probably hired because of these connections . Anna Winlock 
grew u p in the Observatory residence while h r father was 
dire c t o r . Two months after her graduation from high school 
in 187 5 she s tarted work at the observatory , to help support 
her f ami l y after her father ' s s udden death that June . 27 
Mrs. R. T. Rogers , t he wife of WiYliam A. Rogers , who 
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supervised the women's work, was also hired sometime in 
1875. 28 A special arrangement between William Rogers and 
Harvard's President Charles W. Eliot resulted in the hiring 
of the third woman, R. G. Saunders, in November of 1875. 
On November 23, Rogers wrote President Eliot: "In accordance 
with your request, I wrote to Miss Saunders, and this morning 
29 I have her reply.'' On November 27, Eliot wrote to Arthur 
Searle, acting director of the Observatory: "Will you have 
the kindness to engage Miss Saunders as a computer at the 
Observatory for one year at a salary of $600 a year. 1130 
These three women were hired to reduce meridian 
circle observations. The meridian circle, a small telescope 
in a special mounting designed to make accurate measurements 
of the positions of stars, had been installed in 1870. 
The Observatory used it in a program of observations of 
star positions in the zone of the sky assigned to Harvard 
as part of the international project to revise the Durchmusterung 
catalogue. The women performed the calculations necessary 
to reduce the observations to standard coordinates, which 
involved repetition of a particular formula for each star, 
using tables of logarithms for multiplication. This was the 
only work done by women assistants until photography became 
important. 
Credit for Harvard's leadership in opening opportunities 
to women goes in large measure to Edward Charles Pickering, 
director of Harvard College Observatory from 1887 until his 
' . I 
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Fig . 6 . Edward Charles Pickerin , Fourth Dir ctor 
of the Harvard College Observ tory (courtesy of Harvard 
College Observatory) . 
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death in 1919. Pickering, a man of good family who had 
studied physics at the Lawrence Scientific School of Harvard 
University, held a professorship of physics at MIT when 
President Eliot invited him to became the director of Harvard 
College Observatory. A courteous man, he appears to have 
been sincerely interested in increasing opportunities for 
women. Margaret Harwood, who worke d a t the Obse rvatory 
under Pickering for five years, reme mbers Pickering's concern 
and courtesy with the women. When asked why he acted this 
way she said: "Only because he could get them less expe nsively. 
Well, he was like the old-fashioned country gentleman, you 
might say." 31 A skillful administrator, he no doubt hired 
women because they were cheaper and more patient with the 
work he wanted done. But he took pride in his women, and 
he encouraged other women astronomers by advising the 
professors at the women's colleges, encouraging amateurs, 
and founding a fellowship in 1916 for women to study at the 
Harvard Observatory. 
In the next ten years the number of women at the 
Observatory grew slowly. Pickering next hired Selina Cranch 
Bond, daughter of the first directory of the Observatory and 
sister of the second. She needed work because the money 
left to her by her father had been mismanaged, and she 
sent Pickering many letters asking for employment before 




1038 Tenth st. 
Lowell July 5 / 77 
In hope that my effort may be successful 
I venture to ask if there is at the Observatory any 
writing about which you would be willing to employ a 
lady who has had some experience in such work. In 
previous years, when my father and brother were in 
charge of the Observatory I often assisted in the copying 
and simple computations. Being now in need of occ~pation 
I should esteem it a great favor could you give me 
similar writing . 
It is wi th reluctance that I thus address you but 
trust that as daughter of him who devoted the best of 
his life and all that he had to the establishment of the 
Observatory my request will not be considered wholly 
obtrusive. 
I am 
Very Respectfully Your s 
Selina Cranch Bond32 
Pickering hired only one more woman before 1885, Nettie 
A. Farrar, hired in 1881. All of these women remained at 
Harvard at least until 1885. 
The year 1886 brought the founding of the Henry 
Draper ~emorial, which resulted in a major growth of opportunitie s 
for women at Harvard. Henry Draper, a wealthy New York 
doctor who spent most of his time doing astronomical work, 
had taken the first photograph of the spectrum of a star 
in 1872 (spectra had been observed visually for many years 
but never before photographed) . When he died in 1882 his 
widow, who had always served as his assistant, attempted to 
carry on his astronomical investigations with the cooperation 
of Pickering. This proved impossible, however, so in 1886 
she agreed to support research at Harvard which would continue 
her husband's work. 33 
28 
The women employed for the Draper Memorial me asured 
objective prism plates. Henry Draper's photographs of 
stellar spectra were made with a spectroscope attached to 
the telescope, allowing him to make large photographs of the 
spectnnn of a single star. For the first Draper Memorial 
catalogue, howe v e r, Picke ring decided to use a prism placed 
in front of the objective lens of the telescope (an older 
method) to produce a photograph showing many stars, each 
spread out to form a spectrum, on a single plate. The spectra 
were small, usually less than an inch long, but with a 
magnifying lens showed sufficient detail for classification. 
The task of classifying the spectra of each of hundreds 
of stars on each plate was started by Farrar, continued by 
Williamina P. Fleming when Farrar left to get marri e d at 
the end of 1886, and finally completed by Annie Jump Cannon. 
A contemporary account describes the women's other duties: 
"In addition to this they record the ir obse rvations, reduce 
the coordinates of objects examined, identify the objects 
photographed with the stars in various cata logues, and finally 
check the results by a direct comparison of the chart with 
34 the photograph." The results of this work will be discussed 
when the astronomical work done by the famous women at 
Harvard is considered. 
Because of this new line of women's work, amply 
supported by Anna Draper, and because of Pickering's success 





Fig. 7. The Women's Workroom at Harvard. Williamina 
Fleming is standing, to the left of her in the rear is 
Antonia Maury, the seated figure in front is Evelyn Leland 
(Jones and Boyd, The Harvard College Observatory, p. 391). 
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number of women at Harvard increased rapidly between 1885 
and 1900. Twenty-one women were hired between these dates, 
leaving, when a few retirements are counted in, a staff of 
19 women in 1900. There is evidence of the previous training 
of only eight of these 26 women, but of these only two, 
Antonia Maury and Annie Cannon (both of whom became famous), 
had graduated from college. Mabel Stevens took the Radcliffe 
entrance examinations, but financial circumstances forced 
h t f . d 1 t t th Ob . d 35 er o in emp oymen a e servatory instea . Annie 
36 Masters had previously been a teacher and a bookkeeper, 
and Florence Cushman had graduated from Charleston High School 
and worked for a business firm. 37 Desertion by her husband 
forced Imogen Willis Eddy, a lady of good family, to seek 
work. 38 When she applied to the observatory she had previous 
experience in astronomical work, as she had worked for two 
years for Benjamin A. Gould at the Coast Survey measuring 
39 stellar photographs, but she had never studied astronomy. 
The backgrounds of these women give evidence of the 
status and type of duties they were hired for. Few opportunities 
were open to women except in domestic service or factory work 
in this period, even women secretaries did not become common 
until after 1900. Women considered astronomical jobs highly 
desirable because of good working conditions and comparatively 
pleasant duties, and it did not require a college education 
or an upper class background. In a society that confined 





textile mills, or teaching if they we r e better educa t ed , 
it is no wonder the Observatory always had a long list of 
applican ts . Pickering hi red a few women because of special 
skills, but most got their jobs by connections or on the 
basis of their character. Searle wrote one applicant 
about the skills required : "A knowledge of ordinary 
arithmetic and a legible handwriting are all the necessary 
qualifications of a computer, although, of course , the more 
that is known of languages and mathematics the better . 1140 
Patience and cooperativeness were more important than any 
education beyond high school , and women even of the poorer 
classes had some opportunities to attend high school in this 
period . These low qualifications show that the Observatory 
did not hire th se women to do original scientific work . 
The women received a low but livable wage . The 
Observ~tory paid 25 cents an hour, and the women worked 
seven hours a day, six days a week, with one months paid 
vacation a year for full -time employees . R. S . Saunders, 
and probably a few other fu ll-time employees as well, 
receive d a salary of $600 a year, which is very slightly 
more than 25 cents an hour . The majority of women, however, 
were paid by the hour. No regular schedule of raises 
for seniority existed , although Pickering gave raises to 
a few women who showed particular skill . 41 Th e base rate 
remained at 25 c nts an hour at least through 1906. 42 
Room and board could be found in 1875 for $6 a week, which 
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totals $312 a year. 43 Women could earn more teaching high 
school, reportedly $900 to $1,000, 44 but these jobs were hard 
to find in the cities (and often required a college 
education). Domestic and personal service, which employed 
40 percent of women workers in 1900, and manufacturing, 
where another 25 percent worked, paid lower wages. 45 
Members of the highest paid age bracke t of female cotton 
mill workers in Massachusetts, 40-49 years of age, earned 
an average of 15.4 cents an hour according to a survey 
made in 1907-9. 46 The Observatory usually paid men the 
same rate for computing as women, but men considered this 
an unacceptable wage, and few applied for jobs. Male 
assistants who did the observing at night and other 
mechanical work received a higher salary, $800 a year in 
1874. 47 A male salesman or principal clerk in a dry goods 
·store pr tea store usually earned $15 a week, $780 a year, 
in 1887. 48 
Between 1900 and 1920 the staff of women at Harvard 
remained large. Harvard could not compete in visual work 
with the larger telescopes being built in the midwe st and 
particularly on mountains on the west coast, such as 
Yerkes and Mount Wilson. Therefore, in order to maintain 
its reputation, Harvard had to emphasize cataloguing and 
statistical studies of stars on photographic plates, beca use 
Harvard had the best plate collection in the world. Wome n 
accomplished much of the important astronomical work at 
Fig. 8. Women at Harvard College Observatory in the late 1920s. Back row (left 
to right): Margaret Harwood, Cecilia Payne[-Gaposchkin], Arville Walker, Edith Gill; 
middle row: Lillian Hogdon, Annie Cannon, Evelyn Leland, Ida Woods, Mabel Gill, Florence 
Cushman; front row: Irene Crossman, Mary B. Howe, Harvia Wilson, Margaret Mayall, Antonia 
Maury (courtesy of Harvard College Observatory, identified by Margaret Mayall). 
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Harvard in this period , because women measured and studied 
the plates, as well as doing the necessary routine computation . 
In 1910, 21 women worked at the Observatory; by 1920 there 
were 16 (the reason for this decrease is unclear) . The 
women hired were better educated than before . The previous 
experience of eight of the 20 women hired between 1900 
and 1920 is known . Of these , four definitely graduated 
from college , one more probably did, two definitely did 
not have a college education, and the last one probably 
did not. Some of these women computed for the men researchers , 
but most worked in the photographic d epa rtment . 
The case of Harvard College Observatory shows how 
women first became involved in astronomical work at 
observatories. Harvard did not hire women to do original 
scientific work , but it did give them some opportunities . 
. After studying at a woman ' s college, a woman who wanted to 
pursue a scientific career would not find work at a major 
observatory an ideal next step . It did , however, at least 
provide some possibility of a career . After 1900 more 
college graduates were hired, and photographic work provided 
more opportunities to use their scientific training . 
Although the astronomical institutions had not yet fully 
incorporated women as scientists , a woman could at least 
pursue some sort of a scientific career in astronomy , which 
had not been possible before in the United States. 
CHAPTER IV 
WO · ' S CAREERS I A TRO 0 Y 
A broader surv y of the t ical careers of women 
astronomers is necessa y as sis for the discussion of 
those who d'd notabl scientific work . A s atistical study 
of th 164 women s rono ers w o turne up in the co rse 
of th is project is given in n ix This cha ter 
descr ibes th c re r tt rns shown s re ule t b the 
stat istical c n lysis . One c·ample of a worn n who did not 
succeed will be reat in some d th b c SC it pro ides 
insight in 0 h robl ms WO c 1 f ce into what hap ened 
to the women who .d no n stronom Bee u e the 
. 
most com lete inf orma on i i blc on he gr a es of 
the women ' s coll ges , their c re rs will e onsi ere 
in th most detail . On of th mos un xp te dis overies 
of this r s rch on omen astronomers w s the 1 rgc number 
of observatories which hired worn n ; hen some of hese 
observatori s will be crib d . 
rns 
Many of the wome n doing tronornic 1 wor k did not 
have college educations. This was th case at H rv rd , 
as has been shown above , and it was no doubt true also at 
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the other large observa ories that hired women . These 
women re less likely o e men ioncd in the ast ronomical 
j o urnals , so i wa diff icul wi hin the sco e of this 
proj ct 0 find OU ny hin a ou · hem , xcc t a llar ard 
where th archi c:il m vas c ~ sib c . 
Th f i gen er 10 of ec ch rs h vome ' s 
coll g 1 so us u. 1 ' did no h college 10 s; 
ther \• r ... ... r h coul h c s c ic 
Mari i chcll aSSCl " s OS 1 s as ·:as 
s r ah Whi in 11 s th B re w 1 a a nde 
Mount 1101 o·e s l h l 0 lege , 
and \o hir ·o 1 r in is i g 
he r studies . ., ion; stc 
had n c h 0 p r : e 11 0 0 
th co 'll c) ion oll CS , 
he 1 1 rs1 ' 0 1 . Th OJ 1/ 0 ssor 
of s rono y 0 u ion ol lc l · io 1 , 
Susan J . Cun gh m, )rO 0 of 1 
at w r hrno rom 87 l 0 I l c1 s 0 y r 
a t v r bu no gr The 1860s n 1870s 
wer p io in which l n b l i 1 l 
i n Amcric n uni rsiti 0 r w r not r gu t 
for m n or worn n . 
By 1 890 th worn n ' s coll g s w re ro ucing u t n l l 
numbers of grc:idu s wi h tr ining in s -onomy , n h y 
began to take ov r from h worn n.w1 hou oll g u tion 
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an d make important scientific co tributions . A few of the e 
wome n stayed o succ d th 1r t achers as rofessors of 
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Women in Observatories 
Yerkes was one of the observatories that employed 
the most graduates of women ' s colleges . Opened in 1897 
wi th George Ellery Hale as the first director and connected 
with the University of Chicago (although situated away 
from Chicago in the town of William ' s Bay) , Yerkes had a 
40-inch telescope that is the largest refractor ever built. 
Yerkes offered volunteer summer fellowships to women , which 
particularly attr cted professors at women ' s colleges who 
wanted to do research . Yerkes also hired women for permanent 
jobs computing and measuring lates . One of the programs 
women work don \as a study of rallax , under a grant from 
h ' d ' 50 t e Carnegi e Foun ation . Emily E . Dobbin , who studied 
at the University of Chi go and ~orked at erkes , published 
papers in the Astronomi 1 and the strophysical 
51 Jou rnal . Of the 16~ vomen \hose c re rs are kno\n (see 
appendix A) , welve \Ore t Yer· s , eigl t for 1 ss than 
two years , three for t\O to fie y rs , an one for more 
than five y rs . 
The next obs rv tory founded by G. E . Hale, ount 
Wilson, also hired 1 rg numbers of women . lount ~ ilson 
is isolated on a high mountain in C liforni , and women 
astronomers were not allowed to observe th re at night until 
the 1960s, 52 ostensibly becaus there were no accomodations 
for the m, but there were laboratories and offices in the town 
of Pasadena at the foot of th mountain . Mount Wilson hired 
3 9 
Fig . 9 . " Some of the Observatory Staff and their 
Means of Conveyance ," Members of the Staff of Mount Wilson in 
1910 (Popular Astronomy 18 (1910) : 494) . 
-I 
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many Vas sar gradua t es , but the re was also a Smith gradua t e , 
Myrtle L. Richmond , who worked ther e from 1913 to at l eas t 
193S. J e nnie Lasby , who had an M.A. from Mount Holyoke , 
worked at Mount Wilson and published papers in Popular 
S3 Astronomy , and Janet T . Howell , another Mount Wilson 
employee , publi shed a paper in the Astrophysical Journal . s 4 
Twe lve o f the 1 64 women who we re discovered in the course 
of thi s study worked at Mount Wilson , three for less than 
two years , two for two to five years , three for more than 
five years, and four for unknown lengths of time . 
Women also made important contributions at the 
Naval Observatory . One of the earliest government scientific 
i nstitutions , the aval Observatory in ~ashington , D. C. was 
the sub ject of continua l battles about how it was to be 
supported and what sort of research should be done there . 
Sometimes these difficulties prevente d significant original 
work, but particularly under the l eadership of Simon ewcomb 
it became one of the foremost American observatories . The 
Naval Observatory a pears to have employed women particularly 
for investigations of come s and minor planets . Eleanor A. 
Lamson and Etta M. Eaton , the latter a graduate of Mount 
Holyoke, each calculated a number of orbits that were 
published in the ~stronomical Journal.SS An article on 
"What Women Have Done for Astronomy in the United States" 
mentions that Eli zabeth Davis , who hud studied at Johns 
Hopkins, "at one time held the position of professor of 
41 
56 mathematics at the Na val Obs e rvatory." The r e i s , howe v e r, 
no other evidence for this sta t eme nt, and it seems un l i kely 
that she h e ld a professorship be c a use t h e professors a t 
the Naval Obse rva t ory ha d to be Na v a l officer s. Six of t he 
wome n studied wo rked at the Nava l Observatory , two for l ess t han 
two y e ars, th ree f or more t han five years , a n d one for an 
unknown l ength of time . 
Most of t h e other l arge observatories also employed 
wome n. In 1 896 Columbia h i r ed its first woman , F . E . Harpham , 
who h a d a n M. A. f r om Carleton College and had worked for three 
. . h 5 7 yea rs as an assistant at Smit . Columbia em loyed a group 
of wome n c omputers who wo r ked on such projects as a new 
r e duction of Piazzi ' s star catalogue . Yale also employed 
wome n f or cataloguing . The most notable woman at Yale , 
Ma r ga r e tta Palmer , who earned a Ph . D. from Yale in 1894 , worked 
on the Yale Index to Star Catalogues and also calculated a 
b f b . 58 num e r o comet or its . Lick Observ tory employe at least 
four women and Allegheny had at least two . The staff list of 
the Dudl ey Observatory s hows 24 women on the observatory staff 
b e tween 19 04 , when the firs t women were hired , and 1920 . 59 
Carle ton College , a sma ll coeducational school in orthfield , 
60 Minne sota, gav e degre s to at l eas t four women astronomers . 
In addition , the Goodse ll Obse r vato ry at Car l eton College 
employe d at l east two wome n, on e of whom , Char l otte R. Willards , 
a graduate o f Smith, wa s a co-edi tor o f Popu l ar Astronomy 
for its fi rs t thre e years. Eve n th e Na t iona l Arg ntine 
Observatory in Cordoba , Arge ntina, hi red two women from 
42 
the United States in 1913. One of them, A. Estelle Glancy, 
had earned a Ph.D. from the University of California in 
1913 and had been employed for two years at Lick. She worked 
in Argentina for many years and made valuable observations 
f t . . 61 o come positions. 
Women in Scientific Societies 
Women established a place for themselves in astronomy 
not only by their employment at most of the major observatories, 
but also by their participation in astronomical societies 
and conferences. No major professional astronomical society 
existed in the United States before 1898, when the Astronomical 
and Astrophysical Society of America was established. The 
Astronomical and Astrophysical Society accepted women 
members from the start; in fact, ten women were among the 
51 participants in the 1898 conference at Harvard where 
the sobiety was founded. The women's own fears limited them 
more than any prejudice they met from the men; papers 
written by women were on the programs of virtually all the 
meetings of the Astronomical and Astrophysical Society, 
but they were often read by men. Caroline Furness wrote 
of the dedication of the Yerkes Observatory in 1897: 
The social informality of the occasion was delightful, 
and if we seemed more serious and less unbending than 
our confreres, it was because we were not yet sure of 
the place which women held in the astronomical world 
and did not dare to be unscientific or frivolous even 
for a moment.62 
Most American scientific societies were broadminded about 
Fig. 10. The 0th (organizational) Meeting of the Astronomical and Astrophysical 
Society of America in 1898 at Harvard (courtesy of Owen Gingerich). 
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the admission of women. The American Association for 
the Advancement of Science admitted women members from 
the start, following the precedent set by the American 
Academy of Arts and Sciences, which had accepted Maria 
Mitchell as a member. 63 In Germany, women astronomers 
were not so welcome. The Astronomische Gesellschaft 
decided in 1897 not to admit Mary Whitney because the 
admission of ladies was "incompatible with the bylaws of 
h . ,,64 t e Society. 
An Unsuccessful Woman 
Not all women were successful in pursuing astronomical 
careers . Many women started out with promise but did not end 
up in astronomical work . Patterns are hard to establish , 
except that many women left to get married. The example 
of one unsuccessful woman, whose story happens to be well 
documented, reveals some of the limitations of the opportunities 
open to women in this period . 
Mary Wagner had studied at Vassar for two years when 
she wrote to Pickering at Harvard College Observatory in 
1893 asking for a job (this correspondence is given more 
fully in appendix B). She wrote: 
Before entering college, I taught five years and 
received a fair salary. I have no doubt that I can get 
nine or ten hundred dollars a year in some high school, 
but I would much prefer a six or seven hundred dollar 
position in an observatory, and if there is an opportunity 
to study or to advance myself in any way, I might be 
willing to take l ess .65 
45 
Pickering wrote back that there was a position, but it might 
not be suitable b e cause the work r equired was partly clerical 
and partly routine computing, at a salary of $500 a year. 66 
Wagner replied that she was willing to compute or do whatever 
else was required of her, but "I am more fond of practical 
work and have a good eye for seeing; I have used the 
telescope , microscope, and spectroscope a great dea1. 1167 
Arthur Searle wrote back to her (because she was to be 
employed in his department): "I fear that there will be 
little opportunity for you here in the way of telescopic 
work, 1168 and suggested that she visit the Observatory to find 
out more about the job. After some deliberation, Wagner 
accepted the job, writing: "It hurts my pride to work for 
five hundred dollars, but I have a great desire to see your 
observatory and to work there for a year must surely 
b . . ,,69 e instructive to me. 
Mary Wagner worked at Harvard from September to 
the first week of December of 1893. The correspondence 
resumes in Dec ember , when she suddenly returned to her home 
in Minneapolis to take care of her seriously ill mother. 
From her home she wrote Searle to ask about her pay. She 
thanked him for his kindness and wrote: "It seems to me 
that I ought to beg your pardon for complaining to you so often 
about the work. I hope your new assistant, if you have one, 
may find joy in cataloguing stars and that she may have no 
other ambition than to do that well. 1170 In her next letter 
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she asked whether it would be possible for her to return 
to work, because, while she did not like the work, she 
preferred not to leave the impression that she had been fired. 
She felt that she could be content if her duties were 
different: 
If I can use the telescope evenings and work four hours 
a day on the catalogues , I will be satisfied. I should 
like to have some opportunity of showing you and Prof. 
Pickering that I can do some good work . If the burden 
of poverty is not so heavy I shall be happier .71 
She was not invited back , but Pickering sent her a letter 
of recommendation at her request . 
Wagner wrote a final letter to the Observatory in 
February saying that she had been unsuccessful in finding 
a job teaching high school, but was giving private lessons 
and planning on studying zoology at the University of 
Minnesota. She wrote: 
It.breaks my heart though when I think of the wooden 
post that I watched with so much interest from my 
prison window. I should like to know whether the 
telescope has been mounted or not. If I had not been 
so very poor, I would have been delighted with the 
prospect for I like to observe nd I have a good eye, 
but Astronomy must be left in the hands of the wealth72 while I turn to something that will give me a living. 
Vassar alumnae records show that Wagner received a B . A. 
from the University of Minnesota in 1897 and taught mathema tics 
and science in high schools. In 1902 she opened an inn 
in Poughkeepsie, New York, which she owned and managed 
for 20 years. In a letter to Mary Whitne~ Pickering gave 






Miss Wagner's work was very satisfactory to Professor 
Searle, to whos e department it was mainly confined, but 
she found the monotony of ordinary computing too much 
for her, although care had been taken before she c ame 
to explain to her that there was no prospect of pecuniary 
returns for work of a more interesting character.73 
Wagner's l etters show that she was not a stable person, 
but her complaints tell what others may have felt but not 
said. 
Mary Wagner's letters show that a woman with good 
scientific training from a women's college might have trouble 
finding what she considered a suitably challenging job. 
Without archival research at other large observatories it 
is impossible to say whether there were more challenging 
opportunities open to women there than at Harvard. Certainly 
there were similar opportunities open, although it is 
probably significant that women at other observatories did 
not make as important contributions to science as did the 
women at Harvard. 
CHAPTER V 
SCIENTIFIC WORK AT THE WOMEN'S COLLEGES 
While the professors at the women's colleges did 
not do scientific work of the same importance as that done 
by women at Harvard, they did try to carry on research in 
addition to their teaching. The next chapter will show 
how the women at the observatories, even the women who 
~ade important contributions to science, were limited by 
their place as employees in a large institution. At the 
women's colleges the professors could select their own 
research topic and were free to develop their results on 
their own. The fact that even with these freedcms they did 
little scientific work of significance reflects not 
necessarily on their talent but on the limitations placed 
on them by the job they were hired to do and on the social 
constraints that acted on them. Rather than treating just 
one example , most of the women's colleges will be discussed 
so as to fill out the picture of the place of women in 
astronomy in the late nineteenth and early twent ieth centuries. 
Women wrote four percent of the papers in the three 
major astronomical journals in the United States between 
1890 and 1920. 74 The number of papers by women varied from 
48 
Fig. 11. Women at the 1920 meeting of the American Astronomical Society at Smith 
College. Left to right: Margaretta Palmer (Yale), Sarah Whiting (Wellesley), Harriet 
Bigelow (Smith), Mary Hopkins (Smith), Anne Young (Mt. Holyoke), Helen Swartz (South 
Norwalk, Conn.), Annie Cannon (Harvard), Antonia Maury (Harvard), Caroline Furness 
(Vassar), Leah Allen (Wellesley), D. Peck (Smith?), Vera Gushee (Smith). (Sky and Telescope 
28 (1974): 293.) 
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a low of 1 9 , o r 1.3 percent, in the Astrophysical Journal , 
through 10 3 , or 3. 9 percent , in the Astronomical Journal , to 
a high o f 116 , or 6 . 1 percent , in Popular hstronomy . Figure 
12 gives five year averages of the percentage of papers by 
women , but shows no trends strong enough to show through 
the statistical flunctuations . Appendex A gives more 
detailed results . Minor notes in the hstrophysical Journal 
a nd regular departments in Popular Astronomy are not included 
in these figures . Of these 238 papers by women , 48 percent 
were written by women at the women ' s colleges. This does 
not indicate that the amount of scientific work done at the 
women ' s colleges was as great as the amount done by women 
at observatories , because much of the work done at observatories 
was recorded in the publications of those observatories 
r ather than in journals . 
The history of the astronomy department at Vassar 
has already been discussed , and the strong leadership 
described there resulted in the largest amount of scientific 
work of any of the women ' s colleges . A bibliography of the 
publications of the staff of the Vassar College Observatory 
whil e Whitney was director lists 102 articles and other 
b l . . 75 h. t f t h d 1 . t d pu icat ions . T ir y o e notes an papers is e are 
observat ions of comets , 27 are observations of minor planets, 
and 22 c oncern variable stars . These subjects were taken up 
approx imately consecutively : the most important work at Vassar 
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52 
were emphasized, then in 1901 observations of variable 
stars were started. Fifty-nine of these papers were published 
in the Astronomical Journal, 18 in Astronomische Nachrichten, 
and 16 in Popular Astronomy. This is an impressive body 
of scientific work for any small college. 
Maria Mitchell had given her energy to obtaining 
th . t d h . 7 6 . 1 f e necessary eguipmen an teac ing, so it was e t to 
Mary Whitney to establish scientific work at Vassar. Caroline 
Furness wrote that Whitney started out at Vassar eager to 
begin original research, but shortly thereafter her sister's 
health broke down. Care of her sister, who became a permanent 
invalid and lived with her at Vassar, took up what free time 
Whitney had for research. In order to get the assistance 
which would enable her to do some scientific work, Whitney 
hired Caroline Furness as an assistant , paying for her out of 
her own pocket. Within a few years Whitney's mother and 
sister both died, and by 1894 Whitney was free to devote 
h . d b' . 1 77 erself to science an start an am itious researc1 program . 
Whitney was an excellent mathematician, and this resulted in 
an interest in orbits and observations of minor planets. 
Benjamin A. Gould, editor of the Astronomical Journal, encouraged 
this work by publishing the results and writing: "I wish to 
congratulate you on the useful service your observatory is 
doing in these observations of asteroids which you are so 
persistently following. 1178 Vassar could make a greater 
contribution by observing regularly a minor planet or variable 
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Fig. 13. Mary W. Whitney (Popular 
Astronomy 30 (1922): facing p. 600). 
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star that was not regularly followed e lse where than by observing 
comets, which attracted the attention of astronomers all 
over the world. Brian Marsden , who has recently calculated 
the orbits of some comets in the 1890s, says that the observations 
from Vassar were not in large enough quantity to be particularly 
useful. 79 
The t eaching of astronomy at Mount Holyoke actually 
began eve n earlier than at Vassar, but no original scientific 
work was done there until about 1900. Mount Holyoke was 
founded in 1837 as a female seminary, and did not officially 
become a college offering an education comparable to a men's 
college until 1888. The teacher of astronomy, first at the 
seminary and later at the college , was Elizabeth M. 
Bardwell. Mount Holyoke had been given a six-inch telescope 
in 1853, and in 1881 a trustee gave money for an eight-inch 
equatorial (the last one made by the elder Alvin Clark), 
a three-inch meridian circle , and a building to house them, 
called the John Payne Williston Observatory . Bardwell 
studied at Dartmouth in 1873-4 and Charles A. Young, a 
notable astronomer whom she h ad known at Dartmouth and 
who later worked at Princeton , visited Mount Holyoke every 
year from 1869 to 1908 80 to give a short course of lectures, 
so the students probably got a reasonably good education. 
Young wrote of Bardwell: 
While perhaps she was not particularly rapid in her 
mental processes she was very sound and clear in her 
under standing a nd had an excellent ability to communicate 
her knowledge to others. She was therefore an admirable 
teacher , inspiring, diligent, conscientious, and 'faithful 
unto death. ' 11 81 
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After the death of Elizabeth Bardwell in 1899, 
Anne Sewell Young became professor of astronomy. The niece 
of Charles Young, Anne Young had graduated from Carleton 
College in 1892, taught school for three years, and 
received an M.S. from Carleton in 1897. Well trained in 
research, she had in fact published in astronomical journals 
82 before she was hired by Mount Holyoke. In 1900, Young 
started a program of daily sunspot observations at Mount 
Holyoke, and after 1907 these observations were sent regularly 
to Zurich as part of a world-wide coope rative project. 
Other scientific research at Mount Holyoke included aste roid 
positions, comet orbits, and extensive work on variable 
stars. This was all that Young could do with the equi pmen t 
availabl e at first, except during some summer which she 
spent at Yerkes, and work she undertook at Columbia for 
which she received a Ph.D. in 1906. In 1912 a Gaertner 
measuring engine was purchased for making measurements on 
photographic plate s, which we re borrowed from Yerkes. 83 
Young was able to hire an assistant to help with the teaching 
and research starting in 1902. 
Similar work was pursued at Smith College. The 
Smith College Observatory was founded in 1887, and Mary 
h f . d. 84 Emma Byrd became t e irst irector. A graduate of the 
University of Michigan, Byrd had been the principal of 
a high school in Indiana, had studied for a year under 
Pickering at Harvard, and had worked for five years as an 
l 
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assistant at the Goodsel l Observatory of Carleton College. 
The Smith Observatory had an 11-inch equatorial and a smal l 
meridian circl e , but no regular income for maintenance 
and purchase of books until an endowment was give by 
Elizabeth Haven in 1898. The equatorial lacked electric 
lighting for the micrometer (an instrument attached to the 
telescope eyepiece for measuring the angular distance 
between an object such as a comet and a star) until students 
raised money for it by voluntary contributions in 1891-92. 85 
Byrd was a dedicated teacher who published two 
textbooks and many articles on the t eaching of astronomy, 
but she also under took sci ntific research . The worst 
problem, as at most small colleges , whether for women or 
men, was teaching load; Byrd wrote in an annual report in 1892-93: 
Except in bitter midwinter weather this year , there have 
not been morP than three or four nights a term when I 
could handle a t e lescope for any purpose save to adjust 
it for students until after ten o'clock at night; 
and my work begins in the morning at eight or half 
after eight. May I b eg you to consider how short, under 
such circumstances, must inevitab ly be the time during 
which a teacher can keep fresh springs of inspiration 
for her students. I have put off the evil day by working 
late at night, on very cold nights, and by spending since 
last Commenc ement, seven weeks of vacation time at 
the observatory.86 
An assistant was hired in 1893, but the number of stude nts 
continued to grow. The main subject of research was comet 
positions, four sets of which wer e published in the Astronomical 
Journal from 1894 to 1904. When the Astronomical Journal 
did not publish observations that she sent them in 1905, 
Byrd wrote Pickering for help: ''The truth is that we work so 
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hard here to carry on a little independent work, living, 
I might almost say, for the sake of comets that come within 
the reach of our glass until observations and reductions are 
completed, that this attitude on the part of the Journal 
. 11 d' . 1187 is no sma 1sappo1ntme nt. With the help of a letter 
of introduction from Pickering the s e obse rvations were 
published in the Astronomische a chrichte n. 88 
Byrd retired in 1905 and was succe eded by Harriet 
Williams Bigelow. Byrd's retire ment came at the early age 
of 57 as a protest ag a inst the acceptance by Smith of what 
she considere d to be tainted money, gifts from Rockefeller 
d C . 89 an arnegie. Bigelow had worked at Smith as an assistant 
since 1898 and had earned a Ph.D. from the University of 
Michigan in 1904. She kept a research tradition goin g at 
Smith and published seven papers, mostly on comets, in the 
Astronomical Journa1. 90 Smith produced five women who 
pursued astronomical careers at women's colleges, but only 
two who are known to have worked for more than five years 
at a large observatory. 
Two more eastern women's colleges, Radcliffe and 
Wellesley, offered instruction in astronomy and produced 
some important women astronomers, but little scientific 
research was done there. At Radcliffe, astronomy was taught 
by Arthur Searle and John Edmands of Harvard College Obser-
91 vatory, and some students who showed scientific talent 
were hired by the Observatory. At \\lcllesley Sarah F. Whiting 
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Fig. 15. Sarah F. Whiting (Popular Astronomy 
35 (1927): facing p. 539). 
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d e veloped one of the first undergraduate teaching laboratories 
i n physics in the country , with the help of E . C. Pickering . 
She wrote of her experiences : "For many years I was almost 
alone in college work in this line meeting the somewhat 
nerve wearing experience of constantly being in places where 
a woman was not expected to be , and doing what women had 
not at that time conventionally done . ••92 Whiting taught a 
course in astronomy, but Wellesley did not have an observatory 
until 1900 , by which time Whiting was more dedicated to her 
teaching than to astronomical research . 
The professors at Vassar , Mount Holyoke, and Smith 
all pursued some scientific research . That this research 
did not produce scientific work of enough value to bring 
them fame is due to other d~mand s on their time and energy 
and to the sort of problems they chose to work on . 
Observations of variable stars are valuable , but like 
cornet and asteroid positions and spectral classification, 
l arge amounts of work can be put into determining light 
curves that contributes only a small amount of data toward 
advancement in astronomical theories . Cecilia Payne-Gaposchkin 
s aid that in t h e first quarter of the twentieth century 
variable stars were considered a second-class problem. 93 
The women at t h e women ' s colleges contributed small pieces 
to l a r ge research projects rather than pursuing new ideas . 
In a p a mp hlet e ncouraging amateurs and particularly women 
to ob ser ve var i a b le stars , Pickering wrote : 
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The criticism is often made by opponents of the higher 
education of women that, while they are capable of 
following othersas far as men can, they originate 
almost nothing, so that human knowledge is not advanced 
by their work. This reproach could be well answered 
could we point to a long series of observations as are 
detailed below, mad by women observers .94 
Pickering wishes to show that women can contribute to human 
knowl edge , but the work he advises them to do is not very 
original. This is a product of his implicit philosophy of 
science rather than of malice ; the point is that women, 
even at women's colleges, were limited by this attitude. 
CHAPTER VI 
THE SCI ENTIFIC WORK OF THE WOMEN AT HARVARD 
The most notable achievements of women astronomers 
in the United States in this period were made by four women 
at Harvard College Observatory : Williamina Fleming , Antonia 
Maury, Annie Cannon , and Henrietta Leavitt . The opportunities 
avail a ble to women at Harvard to do original work may have 
been larger than at oth r observatories , but much of the 
reason for the pre~minence of Harvard women can be found 
in the approach to astronomy followed at Harvard . Pickering 
stated his philosophy in hi s introduction to the H nry 
Drape r Catalogue ?repared by Annie Cannon. He wrote : 
In the d eve lopment of any d epartment of Astronomy , the 
first step is to accumulate the facts on which its 
progress will depend. This has been the special field 
of the Harvard Observatory . An attempt is made to plan 
each investigation on a scale that it will not be necessary 
to repeat it shortly , for a larger number of stars . 
Speculations unsupported by fact have little value , 
and it is seldom necessary in suc h investigations as 
are carried on here, to form a theory in order to learn 
what facts a r e needed . An observer also is likely to 
be prejudiced if h e has already formed a theory to which 
he thinks the facts s hould conform.95 
Pickering found women ideal employees for such large scale 
work requiring little theoretical unde rstand ing. He was 
right in consid ring such investigatj.ons important, and the 
women who did them were praised by grateful astronomers. 
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However, this approach did not allow the women to pursue 
independent theoretical work, as some had the ability to do. 
Williamina Fleming 
Williamina Paton Stevens Fleming was the first of 
the Harvard women to become fa mous , and her background and 
education are different from the other notable women. 
Fleming was born in 1857 in Dundee , Scotland , the daughter 
of a prosperous craftsman . She attended the public schools 
there and worked as a student teacher. With her husband, 
James Orr Fl eming, whom she had married the previous year, 
she immigrated to Boston in 1878. A year after coming to 
the United States her husband deserted her, and she found 
a job as a maid or housekeeper in the house of Edward c. 
Pickering, director of Harvard College Observatory. 
she had a son, Edward Pickering Fleming. 96 
In 1879 
A lege nd has grown up about how Fleming came to 
work at the Observatory. As Dorrit Hoffl e it (who did not 
know her) tells the story, Pickering adopted the system of 
objective prism photography of spectra, and many beautiful 
plates were being taken. He wanted to use the material to 
set up a spectral classification system, so he assigned 
some male assistants to study the plates, but the work did 
not progress satisfactorily. One day Pickering b ecame so 
annoyed with the lack of progress that he went out of the 
building in a huff, vowing that his Scotch maid could do a 
better job. And so he hired her. 97 Other evidence casts 
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Fig . 16 . Williamina Fleming (courtesy of 
Harvard College Observatory) . 
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doubt on parts of this story . All Pickering himse lf wrote 
about Fleming ' s hiring in his official memorial was: "Mrs . 
Fleming began work at the Harvard Observatory in 1881. Her 
duties were at first of the simplest character, copying 
d d • • fl 98 an or inary computing . When the Draper Memorial, which 
first made possible substantial work on spectra at Harvard, 
was found ed in 1886, the first assistant to study spectra 
was Nettie A. Farrar . After a few months she left to get 
married, and Pickering wrote to Anna Draper that Farrar 
was "instructing Mrs. Fleming who has assi sted me, and who 
will I think take her place satisfactorily. 1199 
Fleming's most important scientific work was on 
the Draper Memorial. Pickering assigned her to study the 
spectra on the plates and develop an empirical classification 
system, which she would use to classify stars for a catalogue. 
Stellar spectra had previously been catal0gued by a system 
. 
proposed by Father Secchi of Rome on the basis of visual 
observations of spectra, which divided them into four 
classes, depending on which sets of spectral lines were 
brightest. Fleming, however , found that she could distinguish 
more varieties , and developed a system of 22 classes. The 
logic (though not the individual classes ) of her system is 
described in Pickering's explanation of the ordering of 
the spectra in the introduction to the first Draper Catalogue . 
The types he refers to are those proposed by Secchi . 
Pickering writes: 
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These lines may be divided into two classes ,-- first , 
those which predominate in many stars in the Milky Way , 
espe cially in the constel lat ion of Orion, and second , 
those present in the so lar spectrum . Near ly a ll the 
bright stars may be arranged in a sequence, beginning 
with those in Orion, in which the auxiliary lines are 
nearly as intense as those due to hydrogen . Other stars 
may be found , in which these lines become fainter and 
faint e r, until they have nearly disappeared . The more 
marked solar lines then appear, become stronger and 
stronger , and the hydrogen lines fainter , until they 
gradually merge into a spectrum identic 1 with that of 
the sun.... Continuing the sequence , the spectra pass 
gradually into those of the third type . Certain bands 
become more marked , and the spectra of the third type 
may be divided into four classes . In the fourth of these 
classes the hydrogen lines are bright instead of dark . 100 
In the Draper Catalogue , volume 27 of the Harvard Annals, 
Fleming classi fied 10 , 498 stars according to her sys tem . The 
clas sifications are dependable , each class has its identifying 
featur e s, but the order and division of the classes is limited 
by the fact that Fleming worked from plates with low dispersion 
spec tra , usually less than an inch long, and the plates were 
occa s~onally of poor quality. A number of Fleming's classes 
later turned out to be defec ts in the image of the spectrum 
on the plate , and these extra classes made it difficult 
for her to arrange the spectra in a consisten t order. 
In her examination of the plates first in the 
cataloguing work and then as Curator of Astronomical Photographs , 
Fleming found many unusual and interesting objects. She 
discovered ten novae, more than 300 variable stars, and 59 
101 . gaseous nebulae. Picke ring published nume rous notices 
in the Astronomical Journ a l about stars with unusual spectra 
that Fleming had discovered. He took responsibility for the 
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work, but always gave her credit for doing the actual studies . 
In a report on the 1898 conference at Harvard which resulted 
in the founding of the Astronomical and Astrophysical Society , 
her paper is described : 
The contribution of Mrs . M. Fleming, read by Mr . Pickering , 
Director , on "Stars of the Fifth Type in the Magellanic 
Clouds " contained some important statements in reference 
to the stars having s ectra consisting mainly of bright 
lines , designa ted as Fifth Type .... In conclusion 
Pro fessor Pickering said that Mrs . Fleming had omitted 
to mention that of these seventy-nine stars nearly all 
had been discovered by herself , whereupon rs . Fleming 
was compelled by a spontaneous burst of applause to come 
forward and sup lement the ~aper by responding to the 
quest ions elicited by it . 10 
She published two papers in the prestigious Astrophysical 
Journal in 1895 under her own name , but most of her results 
were published by Pickering in Harvard Circulars and the 
Harvard Annals . 
In late r years her duties became more admini s trative , 
but she was honored by many astronomical societies for her 
earlier work. She he ld the position of Curator of Astronomical 
Photographs from 18 99 to 1911, the first woman ever to receive 
a Corporation appointment from Harvard . She supervised 
and checke d the work of the women assistants, with whom she 
103 . d th 1 t th . was not popular , examine e p a es as ey came in, 
corrected proofs for the Harvard Annals, and acted as Pickering's 
secretary. She was made an honorary member (becaus e women 
were not allowed to be regular members) of the Royal 
Astronomical Society in 1906, only the fifth women member . 
She also be longed to the Astronomical and Astrophysical Society 
" ,, 104 of America and the Societe Astronomique de France. 
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Antonia Maury 
Pickering assigned the next major project of the 
Henry Draper Memorial to Henry Draper's niece, Antonia 
Caetana de Paiva Pereira Maury. Daughter of a minister and 
naturalist, Mytton Maury , Antonia received a B.A. from Vassar 
in 1887. She started work at Harvard in 1888 and continued 
to do at least occasional res arch at Harvard until 1935, 
mostly as a volunteer. 
Maury investigated the spectra of bright northern 
stars as part of the Draper Memorial from 1888 to 1896. 
Pickering wanted to improve Fleming's classification system 
by a study of very detailed spectra made with two or three 
prisms in front of the telescope so that the light of one 
bright star forms a large spectrum on the plate, and he assigned 
this work to Maury. On these spectra the relative intensity 
of hundreds of lines could be studied to better understand the 
relationship between one spectral type and another. Being of 
independent character, Maury abandoned Fleming's classification 
almost entir.e_lY, and developed her own system, which she felt 
divided the spectra into types with the most physical meaning. 
She described the intent of her classification system in 
the volume of the Annals that contained her results: 
As usual, the stars were arranged in an apparently progressive 
series, which in the present case was made to include 
twenty-two groups ... But it also appeared that a single 
series was inadequate to represent the peculiarities which 
presented themselves in certain cases , and that it would 
be more satisfactory to assume the existence of collateral 
series.105 
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Fig . 17 . Antonia Maury (courtesy of 
Harvard College Observatory) . 
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This two-dime nsional classif ic tion sys cm antici ated 
Hertzsprung ' s discovery that stars of a given temperature , 
and ther fore of the same spec ral ty e by Fleming ' s and 
Cannon ' s systems , differed in size and luminosi y . The 
second dimension of ·a ry's c assifica ion sys cm is based 
on the width and ess of he s ectr 1 lines, and this 
characteris ·ic is de c mined by the size and luminosity 
of the st r . 
The impor ance of this work was not recognized at 
Harvard . ury ' s classific ion system w s awk~ar because 
it us ed roman numerals for the main series . The determination 
of the second classif 'cation , the width and sh rpness of 
the lin s , re uired e stu of mor th n one pl te for 
each star because an ap rent fuzziness could be due to 
poor focusing or sky conditions . Pick ring would not corrunit 
extra resources and effort to cataloguing 
importanc he did not see . 
distinction whose 
Mor import ntly , M ury ' s system w snot adopted 
because she did not stay at Harvard to apply it . She left 
the observatory in 1892 without comple ing her study because 
she was unable to work with Pickering . She taught school 
for two years , whil e Pickering nxiously tried to arrange 
for her to complete her work or agre to turn it over to 
someone else. Maury wrote to Pickering in 1892 about 
closing up her work : 
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Fig . 18 . Typical Large-Dispersion Spectra , as presented 
by Cannon , sha.' the complexity of th probl m of classifying 
spectra l types in any detail (Harvard Ann ls , vol . 28 , part 2 , 







I am both willing and anxious to leave it in a satisfactory 
condition, both for my own credit and in honor of my 
uncle. I do not think it is fair to myself that I should 
pass the work into other hands until it can stand as work 
done by me. I do not mean that I need necessarily 
complete all the details of the classification , but that 
I should make a full stateme nt of all the important 
results of the investigation. I worked out the theory at 
the cost of much thought and elaborate comparison and I 
think that I should have full credit for my theory of 
the relations of the star spectra and also for my theories 
in regard to Beta Lyrae . Would it not be fair that I 
should, at whateve r time the results are published 
receive credit for whatever I leave in writing in regard 
to these matters.106 
Pickering wrote back that "It is the regular practice of 
this Observatory to make full acknowledgement in its publications 
of the credit due to authors of particular portions of them. 11107 
Despite this assurance, Maury's work was the first volume 
of the Annals to have a woman's name on the title page, for 
Fleming had received only an acknowledgement for the first 
Draper CataJ.ogue . Pickering finally had Maury sign an 
agreement to finish or turn over the work by the beginning 
of 1893, 108 but she was still not finished in December of 
1894, and still unable to work comfortably under Pickering. 
After one incident her father wrote the following letter: 
Dec. 19, 1894 
My dear Prof. Pickering: 
I was greatly concerned last night, when my 
daughter came home, to find from her that you had spoken 
to her in a tone and manner which greatly hurt her 
feelings. I cannot believe that you were conscious of 
it, for I am quite sure that you would not willingly 
have spoken as you did. Of course my daughter is 
inexperie nc ed in preparing matter for the press, and is 
far from unwilling to listen to any suggestions. She 
is glad to receive them. But you may judge of the impression 
which you have produced, when I tell you that I am 
convinced, were it not for other considerations, she would 




seeing how she feels I should not be willing that she 
should. I scarcely need say to you that though she is 
working in the Observatory, she is a lady and has the 
feelings and rights of one . I am sure you cannot wish 
to injure either . 
Yours truly , 109 Mytton Maury 
Despite these problems the study was finally put together 
and published in volume 28 of the Harvard Annals in 1897 . 
Though part of the problem was a personality conflict, 
Pickering did not appreciate the detailed , theoretical 
classification system Maury wished to develop. In an undated 
l etter , probably written after her study of spectra had 
been finished , Maury wrote : 
But although I several times before have taken offence 
at things you have said to me I have always decided 
in the end that the only trouble was that I, being 
naturally unsystematic was not able to understand what 
you wanted and that you also , not having examined 
minutely into all the details, did not see that the 
natural relations I was in search of could not easily 
be arrived at by any cast iron system . 110 
Her search for a natural classification system conflicted 
with Pickering ' s philosophy , quoted in the introduction to 
this chapter , that "it is seldom necessary in such investigations 
as are carried on here, to form a theory in order to learn 
what facts are needed." Dorrit Hoffleit , who knew Maury 
in the 1930 s , said that Pickering "did not think as highly 
of her as she merited " and that "I am convinced that Miss 
Maury was an original thinker. 11111 Cecilia Payne-Gaposchkin, 
who came to Harvard in 1923, de scribed her : 
Miss Maury was sensitive, imaginative, affectionate, 
and I feel as if she was a reje~ted sort of person . I 
don't know if anyone had ever shown her much affection. 
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She was v ery homely ; that was one of her drawbacks , I 
suppose . She was a l ways inquiring , always thinking , 
a lways trying to arrange things in her mind in a logical 
s equence and see what caused them . ... Perhaps she was 
easily hurt , but she was not aggressive in any way . 
She was very much the reverse of aggressive except when 
s he was roused by injustice , to other people mostly ... . 
She was a woman of great courage and warmth of heart ... . 
Of course , I only knew her when she was old . I was very 
f ond of her , but she just talked and talked and talked 
and talked . You couldn ' t do any work because she wanted 
t o talk so much . It was just she needed an outlet; 
she needed to discuss . obody had ever listened to her , 
n obody had ever responded to her scientific questionings, 
I think . 11 2 
Hertzsprung recognized the importance of Maury ' s 
two-dimensional classification system . He wrote to Pickering 
in 1 908 to protest the omission of Maury ' s second dimension , 
which she had indicated with the letters a to c , from a later 
c a t a l ogue (in his own uncertain English) : 
But in on respect I have been disappointed and I 
a l low me directly to say a few words on that point . 
On my opinion the separation by Antonia C. Maury 
of t h e c - and ac- stars is the most important advancement 
in stellar classification since the trials by Vogel and 
Secchi . But in the new catalogue the spectra of some of 
them as Alpha Cygni and Delta Cephei are not even mentioned 
a s peculiar . 
It is hardly exagerated to say that the spectral 
classification now adopted is of similar value as a 
botany which divide the flowers according to their size 
a nd color . To neglect the c- properties in classifying 
ste llar spectra , I t h ink , is nearly the same thing as 
i f the zoologist , who had detected the deciding differences 
between a whale and a fish , would con tinue in classifying 
them t ogether .113 
Maury' s work helped Her t zsprung o n t h e r oad towards his 
contribution t o the di scovery of the Her t zsprung- Russell diagram . 
Ma ury's othe r ma jor sc i entif i c investigat i on was 
a study of the spec t r o scopic binary Beta Lyrae . In 1889 
Pickering ha d di sco ve red t h e firs t spec t r o scopic binary , 
r 
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a double star whose two components cannot be separated 
visually but which shows itself to be double by a periodic 
doublin g of the spectral lines (when the stars are in such 
a position in their orbits that their spectra are doppler 
shi fted in different directions) . Maury discovered the 
s econd such star , Beta Aurigae , shortly thereafter . She 
studied the particularly complex spectroscopic binary 
Beta Lyrae for many years . She did not work steadily at 
Harvard on this research ; she spent time studying spectra 
visually at Vassar (in 1896) , teaching hi gh school , giving 
lectures , and pursuing her interest in ornithology , but 
she invest igated this star in great depth . Beta Lyrae is 
a close double star (so close that the two stars are nearly 
in contact) , but the spectrum of the system shows variations 
of longer term than the period of the stars, and an irregular 
. . . h ld 1 . 114 l variat~on whic Maury cou not exp ain . He en Hogg , 
who did graduate work at Harvard in the early 1930s and knew 
Maury then, said that perhaps Maury got stuck on too big 
115 a problem when she tackled Beta Lyrae . She made major 
contributions to the understanding of this star and visited 
Harvard annually to check on its behaviour until 1948. 116 But as 
Cecilia Payne-Gaposchkin said : "She had a flair for picking 
out tremendous problems. If you look at the literature for 
Beta Lyrae you will see that nobody has ever solved the 
probl e m. 11117 Maury di e d in 1952 at the age of 86. 
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Anni e Cannon 
Th e spectroscopic work hat CTUry abandoned was 
continued y Annie Jump Cannon, who had already started work 
on the sou h rn s ars efor ·aury finished the northern . 
Daughter of a rosperous shipbuilder and st e senator , she 
was born in 1863 an gradua d from w l sley in 188 
Partially d a from an e rly age , she srent th next ten 
y ars at home in o er , Delaw re as a du i ul daughter , 
though she \roe in hr journal : 
I am some imes e dissa isfied 'ith my lif here . 
I do \an to accon lish some hing so dl . There arc 
so many hings h I could do if only I had the money . 
And when I ~hink h t I might be achin and m ·ing the 
mon ey , nd still 11 the im im ro ing myself , it makes 
me feel unha py and as i I were nol doing 11 I can . 118 
In 1894, after th d c h of her mo her, he returne to 
W lleslcy as an assistant in -h hysics e artment , nd in 
1895 shes udied astronomy as a special student at Ra lif e. 119 
In 1896 sh stared work at II vard Colleg Obser\atory , whee 
she remained until 1941 . 
In th same volume of he Annals as laury ' s classi ication 
of the spectra of bright northern stars is annon ' s investigation 
of bright southern stars , publiched in 1902. In this third 
major Draper study the stars arc classified by a third 
spectral classification syst m, develop d by Cannon from 
her detail d study of spectra photographed at the Harvard 
station in Arequipa, Peru. Pickering explain d th t : " In 
all three cases , it was deemed best that the observer should 
place together all stars havi11g similar spe tra and thus form 
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Fig. 19. Annie Cannon at Oxford (courtesy of 
Harvard College Observatory) . 
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an arbitr ry classification rather than be hampered by any 
preconceived theor tical ideas , or y the previous study 
o f visuals ectra by other astronomers . 11120 He explained 
that th different classif ic tion systems could be freely 
translated . Cannon rearr ng d Fleming's classes to the 
sequence which ury h d discover d , elimina ed the spurious 
classes , ad d numbers fo finer grada ions , and dropped 
Maury's ~ cond dimension refJring to the sharpness of the lines 
except wen the star \as unusu l eno gh o be marked peculiar . 
The sequence of classes, which Fleming h d labelled alpha -
betically, bee c 0 , B, A, F, G, K, nd in this first 
cat logue he decin 1 divi io s arc in ic t d be ween two 
letter , so th t a s ar half \ ay in ty e between class B 
and class A is l beled BSA . 
H ving dev lo ed a s tisfactory classif ic tion 
system 1 C nnon nex s t bout ap lying it on large s al . 
was ublished The first volume of her Henry 
~~-=-~~-=-~~~~~-"''---
in 1918 as volume 91 of th H rvard Annals . The ntire 
catalogue contains 22S , 300 st rs , and when it\ s finished 
she start d work on an ext nsion . Th stars are cat logue 
according to the system sl1 dev lo ed for th bright southern 
stars exc pt that the second letter is dropped in th labelling 
of the spectral type (BSA becomes BS) . She classified the 
stars for the large Henry 
~~~~~~~~~~~---='~ 
from low dispersion 
obj ective prism plat s , with hundreds of spectr on ea h 
plate. Cannon would xamin the plate with a magnifyi1 g lens 
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type (Annals, vol. 99, p. 261, reduced). 
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and call out her identifications to an assistant, who would 
write them down. Cannon spent a large part of her time 
classi fying stars in the 45 years she worked at the Obs e rvatory, 
and she learned to identify spectra almost instantaneously. 
Examination of her record books shows that she could classify 
spectra at a rate of more than three stars a minute . 121 All 
the classifications in the catalogue were done by Cannon, 
which r esults in a consistency that is one of the reasons 
for its great value . In a re-examination of the problem 
of classification of spectra in 1935, when the physical 
causes of spectral lines were much better unders tood, the 
authors survey the physical processes which result in the 
differences in lines which are the criteria for the different 
spectra l types and conclude : "Mu ltifarious as these criter ia 
are, they express the most conspicuous features from type to 
type. It is doubtful whether more outstanding bases for 
classification could be selected . 11122 
Much of Cannon's scientific work was classification , 
but she did pursue more independent investigations. Cecilia 
Payne-Gaposc hkin wrote: "Mi ss Cannon was not given t o theorizing; 
it is probable that she never publ ished a controversial word 
or a speculative thought. That was the strength of her 
scientific work--her classification was dispassionate and 
unbiass e d. 11123 This style together with her charming 
personality explain why she worked more smoothl y with 
Pickering than Maury did, but it would be unfair to give the 
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impression that Cannon's work was only routirie . She studied 
variable stars as well as spectra, by observing visually as 
well as on plates. In 1922 she went to Arequipa, Peru, to 
make her own observations of southern stars . 124 Some 
excerpts from her diary of her stay there are revealing. 
On May 24, 1922, she wrote: "Worked nearly all day and 5 1/2 
125 hours at night, running three telescopes." On July 
14: "Worked until 12:30 in eve . · Electric lights went out 
126 and I had to climb up on high ladder to read hour angle ." 
On July 23 she wrote: 
Worked on plates in afternoon and found a suspicious 
object on AM plate. It appears to be a Nova! It was 
N. S. [not seen] on July 1, 3 , vis. [visible] on July 
11, 12 plates, oh, but it is so faint, probably 10 or 
11 at max ! Evening cloudy early and we played bridge . 
At 9, it cleared and I set the 10-inch at once on 
17.40-3 6 . Developed it and saw bright lines! Up and 
out until 12:40 all alone . Mr. B. [Solon Bailey] went 
to bed about 11:30.127 
This discovery was indeed confirmed. 
Cannon did not make significant theoretical investigat ions, 
but her work took a special skill. Margaret Mayall, one of 
her chief assistants, said that while her main work was 
somewhat routine, "her perception of the spectra and interpretation 
of them" were amazing and she had great skill at "seeing 
unusual things. She had wonderful eyes and she could see 
things that very few people would recognize until she pointed 
't t .. 128 1 OU • Cecilia Payne-Gaposchkin said of her: "Miss 
Cannon was a cheerful, warmhearted, affectionate, optimistic 
sort of person. She didn't aspire to have any scientific 
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Fig. 22. Cannon with the 13-inch Boyden 
Refractor, at Arequipa, Peru, in 1922 (The Sky 




I don't think she ever t ried to have any scientific 
She did her job and did it extraordinarily well. 11129 
Like Fleming , Cannon was honored by the astronomical 
community . She belonged to, among others , the American 
Ph i l osophical Society , the International Astronomical Union , 
and t he American Astronomical Society (as the Astronomical 
and Astrophysical Society was renamed) , of which she 
s e r ved as treasurer . She was also an honorary member of 
the Royal Astronomical Society . At Harvard she held the 
pos i tion of Curator of Astronomical Photographs after 
Fl eming ' s retirement, but the Harvard administration was 
r eluc tant to give her a Corporation appointment . President 
Lowell wrote : 11 I always felt that Mrs . Fleming's position 
wa s s omewhat anomalous , and it would be better not to make 
a practice of treating her successors in the same way . 11130 
As early as 1911 the Visiting Committee of the Observatory 
wro t e : " It is an anomaly that , though she is recognized 
the world over as the greatest living expert in this line 
of work , and her services to the Observatory are so important , 
. . . . . h . ' t 11131 ye t she holds no official position in t e universi y . 
In 1925 Cannon becarre the first woman ever to receive an 
honora r y d egree of Doctor of Sc i ence from Oxford . It was 
not unti l 1938, h owever , that Harvard gave her a Corporation 
appoin tment as Wil l iam Cranch Bond Astronomer . 
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Henrietta Leavitt 
The last of the famous women astronomers who did 
their work at Harvard before 1920 was Henrietta Swan Leavitt. 
The daughter of a minister, Leavitt atttended Radcliffe College 
and received her degree in 1892. She worked as a volunteer 
at Harvard Observatory in 1895-96 and did some travelling, 
and then spent a number of years at home in Wisconsin because 
of an illness that left her partially deaf. In 1902 she 
wrote to Pickering about continuing her work and he persuaded 
her to return to Cambridge. She replied to his letter 
It has proved possible for me to arrange my affairs 
here so that I can go to Cambridge next month and remain 
until the work is completed. Your very liberal offer 
of thirty cents an hour will enable me to do this.132 
She worked at Harvard almost continuously from 1902 until 
her death in 1921 . She showed great ablility in her assigned 
. work, put Pickering gave her little opportunity to use 
her ability for theoretical work. 
Her chief r esearches were in photographic pl1otometry . 
The problem of determining the magnitude of a star from a 
photographic image is very difficult because of the complexity 
of the photographic process itself (the darkness of the star 
image on the negative is not linearly proportional to the 
brightness of the star), and because each telescope and type 
of plate gives different results on account of the differing 
colors of stars. Leavitt's early work was the determination 
of a sequence of stardard comparison stars in the region 
Fig. 23. Henrietta Leavitt (courtesy of Harvard College Observatory) . 
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around ·h north poJ On c a sequence is determined 
' 
magnitud e can e tim te b · y compuring one star with 
ano her an he probl m o he real meaning of the density 
of the m g o . L. plotogr<lphic 1 tc can be avoided . The 
resulL of his we c ublish d in volume 71 of the 
Har c. r.d I.. , L a s udied color indices, the 
dif f · n r, ac n ude of: s ar de cndin on the color 
ns 1 , j t of: pho 133 s . Pickering also 
ga\e h .he i i ul jo o e ermining he corrections 
nee Sc. r y r.or s 1 sco cs . 
L v ig io s o ariable s ars were of 
mu h gr {l r or l 1 l n >o nc he studied photographs 
of h l lar i c OU .s in P ru and discovered 1 , 777 
nc ., v s. r. 13 h d the periods of a few 
0 l ( is o' r c r 1 ionship between their perio 
an th ir bri h B ilUS h st \\ r · a 11 in the 
Smull 11 ni Clou , sh w s a 1 to draw the cruci~l 
conclusio "Sine h v ri ble are robably at nearly 
the m dis ·e nc from the Earth , their periods are a arently 
associaLcd with heir c unl mission of light, as determined 
by thci m SS , d nsi y , and surface brightncss . "
135 Sh 
did no ursue this disco ry any furth r , and it wa s 1 ft 
t o Hertzsprung to c.libra the curve f this period-
luminosi yr lationsllip an · to Shapl y to us it in his 
determin tion of tl1 size of the galaxy, which was one of 
his most important contributions to astronomy . 
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A recent book claims that Leavi tt "recognized that 
her discovery could be us ed as an indicator of intrinsic 
brightness , but was prevented from pursuing the subject 
any further by Pickering , who believed their duty was to 
collect data, not interpret it. 11136 The personalities 
and philosophies of the persons involved make this claim 
reasonable , but there is not enough hard evidence to prove 
it . It seems unlikely that Leavitt lacked the necessary 
scientific talent; Margaret Harwood , who worked with Leavitt, 
said that she had the best mind there. 137 Cecilia Payne-
Gaposch kin described her: " I think she was the most brilliant 
of all the women. I think she was certainly someone who 
would have considered that duty was foremost . She wouldn't 
even have complained, as Miss Maury apparently did . 11138 
About her scientific work, Payne-Gaposchkin wrote (in an 
unpublished autobiography) of the complications of comparing 
color indices and magnitudes on plates from different telescopes: 
It is incredible that Pickering was unaware of these 
difficultie s , or that he could have believed it possible 
to circumvent them. Miss Leavitt must have encountered 
the full effect of the same difficulties [that Payne-
Gaposchkin encountered in related work] in he r work on 
the North Polar Sequence, which c a lJ.ed for the coordination 
of results from large and small instruments, and also 
for combination with the results that Seares was then 
obtaining with the reflecting telescope at Mount Wilson 
in his work on the fainter members of the North Polar 
Sequence . 
It was a wise decision to assign the problem of 
fundamenta l photographic photometry to Miss Leavitt, the 
ablest of the many able women who have appeared on the 
scene of Harvard Observatory . But it was also a harsh 
decision, which probably set back the study of variable 
stars for several decades , and condemned a brilliant 








When I firs .w nt to.Harvard , Dr . Shapley wanted me 
to tak u Miss L. vitt ' s unfinished work in photographic 
pho ome ry . At first I was unwilling ; stellar spectra 
were my rly l? e , ~nd so hey have remained . But r 
h v n , ~s P c·cring must hav seen , that standard 
ry.is ·h oin upon which the pyramid of 
as rono".1 is bal r1c , and I have d oted many years to 
the u Jec , r lu t t in he face of the inevitable . 139 
It :t. i 0 o sa wha som one would have done if 
cond i io s l c c o her·ise , ut Leavitt was restricted 
by h o i ·ion s an mplo cc expected to do assigned work , 
so h sh co 1 no c oose he scientific problem she 
"'ishe o ur c . 
Th stori of hesc our women astronomers show 
tha the ,o en llc:i ar \<." re limit d b the same approach 
to res r h ha res 1 ed in the hiring of large numbers 
of \· ome I3 he accumulation of data was more important 
h.:in he or ·i r' ar h , tlere wer opportunities for women 
whose al Tl s r Oh Cir a icnt and skillful cataloguing , 
like Fi ming n C nnon , to m ke important contributions 
to science . Those women who might have h d new .ideas and made 
h oreti l contri utions , though , were frustrated by the work 
they wer a sign d and the lack of interest in their original 
investigations . c ili Payne-Gaposchkin said : 
I r member Miss aury saying to me , rather s dly , " I 
alw ys wanted o 1 arn the calculu but Professor 
Pick ring didn ' t wish it ." ... I think Pi ckering hire~ 
people to do a specific job and didn ' t want them wasting 
t heir time doing anyth ing else . 140 
Harvard College Obs rvatory under P i ckering was dedicated 
t o o ne p rticular style of astronomy , nd women were both 
l i mited and benefited by t hi s . 
CHAPTER VII 
DISCUSSION A D CONCLUSIONS 
What modes of historical explanation are necessary 
to understand the historical material that has been presented? 
The contributions and actions of various people and 
institutions have been described. Many questions can still 
be asked, however, about why these people acted in the way 
that they did. Why did women have so many opportunities 
open to them and yet no more? There are many levels on 
which this can be explained, but only a few of them can 
even be attempted here. We should at least want to know, 
though, some of the broader interactions that affected 
the position of women in astronomy. 
Two unexpected historical discoveries were made in 
the course of my research. When I started work on this 
thesis I thought Harvard was unique in the large number of 
women it employed. In fact, almost every large observatory 
hired women to do routine work. Harvard is different only 
in that it produced the most famous women. More research 
is required into the position of women at other observatories 
before Harvard's unique position can be fully understood. 
One explanation is that the atmosphere and the type of work 
being done made the hiring of women particularly convenient. 
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Harvard emphasized statistical and comparative study of 
stars in order not to be overshadowed by the new investigations 
of the structure of the galaxy and the universe possible 
with the more powerful telescopes in the midwest and west. 
The research Harvard chose to stress required tremendous 
amounts of routine work, which women were hired to perform, 
but it was a kind of routine work which had some potential 
for creative investigation. 
The other unexpected discovery made in the course 
of this research was the importance of the role of the 
women's colleges. The dedication of their professors of 
astronomy to research and to rigorous teaching was a surprise 
to me. Before dependable conclusions can be drawn, of course, 
the opportunities and actions of men in similar situations 
need to be studied in more detail. Astronomy seems an 
unlikely science for a women's college to emphasize because 
it requires expenstve equipment and being outside at night. 
It had a romantic and popular appeal, however, and perhaps 
the presence of Maria Mitchell as a role model made it seem 
more acceptable. The development of a career structure 
made the women's colleges important. The professors had 
an impact on the position of women in observatories because 
they could find their students jobs and convince astronomers 
that their students were desirable employees. 
The broadest generalization of the historical problem 
is that astronomers were surprisi~gl·y willing, considering 
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attitudes towards women at the ti'me, to accept women as 
employees and to accept the talented women at Harvard and 
other observatories and the professors at the women's 
colleges as colleagues. This willingness to accept women 
needs explanation on a deeper level than the type of work 
being done at a particular institution or the influences 
of popular beliefs and individuals at other institutions. 
Astronomers accepted women as employees at least in 
part for economic reasons. Women performed tedious work 
with great patience for low wages. The character of 
astronomy at the time, the emphasis placed on data collection, 
resulted in unusual opportunities for women. The semi-
independent stuatus of observatories helped make the hiring 
of women possible. Women could not easily become offici al 
members of the staff at men's colleges, but this did not 
hinder a woman like Annie Cannon. She held the position 
of curator of astronomical photographs for many years and 
was acclaimed by astronomers all over the world before 
Harvard University gave her a corporation appointment. 
Also, if the observatories had been tied more closely to 
universities there might have been more students around 
to do some of the routine work that women performed, particularly 
at schools whose students were less rich than Harvard's. 
Whatever the specific reasons, the importance of the semi-
independent status of observatories is supported by the fact 
th t th th r Scl'ences whi' ch had a large percentage of women--a e o e 
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botany, zoology, and anthropology (see appendix A)--were 
associated with museums, which had a semi-independent status 
similar to observatories. Little information on women in 
other sciences in this time period is available except 
for the statistical study discussed in the first part of 
appendix A and a few old biographies. It can only be 
hoped that this study will inspire others. 
I believe, although I do not claim that the evidence 
is conclusive, that talented women at the observatories 
were accepted as colleagues because they performed, and 
performed well, a certain kind of work that was considered 
women's work. Probably men (and women) developed their 
assumptions about what was women's work from the sort of 
work they saw the ordinary women employees doing . Women 
executed projects set up for them by others; the talents 
for which they received praise were not originality or 
scientific thinking but patience and keen perception. Women 
with the appropriate talents found great opportunities open 
to them, but those whose talents lay elsewhere found that 
these opportunities were restrictions. Williamina Fleming 
and Annie Cannon were rightly praised for their catalogues 
and their discoveries of unusual stars, but Antonia Maury 
and Henrietta Leavitt received far less recongnition for 
their contributions to theoretical understanding. It was 
an age in which theoretical work was not stressed in American 
b famous for completing the theories astronomy, but others ecame 
for which these women laid the groundwork. 
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The women at the women's colleges undertook what 
was in essence the same sort of women's work, and for this 
they too were accepted by the men as colleagues. The work 
of the professors at the women's colleges required the same 
talents, patience and keen perception, as the work of the 
notable women at the observatories. The professors at the 
women's colleges observed the positions of comets and 
asteroids and the brightness of variable stars, all small 
parts of large compilations of data planned by someone else. 
After reading letters by these women about their research 
I cannot believe that the fault lay in lack of interest or 
effort. Yet they were no more successful in being full 
participants in science, by modern definitions, than most 
of the women at the observatories; their work was no more 
original. Perhaps this was the fault of the restrictions 
caused by being at a small college where their primary 
responsibility was teaching. Possibly, though, they could 
have chosen more creative research to work on in the time 
they could spare. They chose to work on cornets, asteroids, 
and variable stars because that was the advice their male 
colleagues gave them. This advice was no doubt given with 
the best intentions, but the research suggested conformed 
to the stereotypes of women's work in astronomy. 
r do not claim that men were not restricted in 
similar ways, but only that women were more limited than 
men. The recent professionalization of astronomy resulted in 
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an emphasis on observational rather than theoretical work. 
The popular conception of the role of an astronomer was 
that he worked in an observatory and observed the stars. 
Becaus e astronomers we re not yet in a secure professional 
position they could not easily go against the popular 
concep ions of their job . Men astronomers also had to do 
what they \ ere told; when William H. Wright was hired by 
Lick Obser atory the director told him to study ultraviolet 
spectrosco y , so that is what he did. Not until many years 
later , when he bee me the director himself, could he pursue 
his origin 1 interest in proper motion . The difference 
is th t even if the men were given as specific a problem to 
work on as h women were (which I doubt but do not have 
the evidenc to prove) , the men always had the possibility 
of becoming the director of a research observatory, which 
the women did not h ve . 
The next layer of explanation is the question 
of how and why women were limited in these ways. The women 
at observatories were restricted in simple ways; if they 
wanted to be paid they had to do what they were told to do. 
They were hired to perform routine work, and so that is 
what they did. If they could afford to, they could work as 
volunteers, as Maury did, but it is hard to pursue difficult 
and original work with little encouragement. The women at 
the women's colleges were limited by equipment and teaching 
load, as men were also in similar situations, and also by 
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the kind of problems they chose to work on . Why women we r e 
limited is a more difficult question. Most fundamentally , 
perh ps , they were restricted by the beliefs of the society 
that the li in . Expectations of women resulted from 
th wid s rea b lief that women were incapable of original 
though Ins i ions end to become solidified in such a 
way h t i is 
no e' cc o 
gaine in s ro o 
c l for people to do things that are 
hem . The institutional pos~tion that women 
th m rom b i i e 
e hem some opportuni ties, but prevented 
en , creative scientists . 
The e re her le els of analysis that I have 
no ev n b n blc o s rt to pursue within the scope of 
this h sis . Th r is he question of cumulative disadvantage , 
of how he womc w re limited by influences on them before 
th y b c me ro ssion l stronomers . Disadvantage can 
be ircct , for a woman like aury who never had an opportunity 
to le rn the c lculus , or in irect, for women who were never 
taught to value or use th ir theoretical insight . In addition, 
what w s the effect of Victorian ideas about women on the 
worn n themselves? Women were probably limited as much by 
how they felt about their own work as by discrimination 
and pressures from outside. What we have seen about the 
personalities of some of the women is the starting point 
for an understanding of this. 
Further analysis of influences external to science 
is necessary not only for an understanding of the effects 
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of these influences on the way the women viewed their work 
but also for other levels of explanation. The social and 
intellectual structure of science is influenced in more ways 
by the outside socie y than have been even mentioned here, 
particularl when what is considered is so large a part of 
soc iety as the osi ion of women. I had hoped to be able 
to tr a extern 1 i £1 ences in more depth than has been 
given . It pro o be ver difficult , however, to understand 
the at i es of he soc·e y to\ards women and the ways 
in which this f fec science in sufficient depth to be 
able to anal ze in ny e il how astronomy was influenced 
in this rticular c se . The historical material on the 
posi on n scicn ific work of women astronomers had to 
be gi en first priority bee use it is only through an 
understan in of his that the larger subject can be approached . 
For study in the social structure of science the 
same sort of fur h r research is necessary . I have concentrated 
on the question of how the position of women scientists 
influenced the scientific work that they did because I believe 
that this is a problem in the sociology of science that is 
both important and accessibl e to historical study. The 
sociology of science seeks to explain the domain from the 
outside society to the development of scientific ideas. 
What explanations I have given for the case of the women 
astronomers are in the internal half of this spectrum, and 
study of the external half is as ne cessary to develop a 
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complete picture. The results of what I have done are not 
conclusive and broad enough to allow broad generalizations, 
but I hope they will provide ideas for future work. 
Finally, though, we must not forget that unusual 
opportunities were open to women in astronomy in this period, 
and they did make important contributions to science. That 
women were accepted as scientists at all, even if in limited 
ways, shows that American intellectuals in the late nineteenth 
and early twentiety centuries were more open-minded about 
intellectual and profesional opportunities for women than 
people today often think. I have claimed that women astronomers 
were prevented from doing original scientific work by the 
expectations and institutional framework that surrounded 
them, but Annie Cannon's catalogue of the spectral types 
of stars is of more value today as a collection of data 
than any number of creative and original theories that are 
now outmoded. The combination of the availability of 
scientific training in the women's colleges and of jobs 
for women in the large observatories has resulted in a 
large arrount of valuable work, even if it was not all they 
had the potential for, done by women in astronomy for the 
late nineteenth century right up to the present. 
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The goal of this appendix is to explain the methods 
used to get results given in the body of this thesis and 
to give results in tabular form for clarity. Full results 
are given not because they are trustworthyenough to be the 
sole support of any claim, but rather because they raise 
possibilities that should be investigated. Three different 
topics are considered: (1) Margaret Rossiter's study of 
women scientists in different fields in the early 20th 
century; (2) an analysis of the careers of women astronomers 
who turned up in the course of my study; and (3) figures 
on the number of papers published by women in the various 
astronomical journals. 
Comparison of Women in Different Fields 
The most available source of data for statistical 
studies of women scientists in this period is American Men 
of Science: A Biographical Directory, 1 the first three 
editions of which were published in 1906, 1910, and 1921. 
J. McKeen Cattell (the editor of Science), who assembled 
this directory, included all members of certain scientific 
societies and selected scientists listed in university 
catalogues and other reference books or who had published 
111 
112 
scientific papers. This probably resulted in an under-
representation of women (particularly because they were 
unlikely to be listed in the catalogues of all-male 
universities where many of them worked), but th e percentage 
of those included who are women is still 3.6 percent in 
the first edition , 3 . 5 percent in the second, and 4.8 percent 
in the third . 2 Margaret Rossiter studied "Women Scientists 
in America Before 1920 " by analysing the careers of the 
504 women listed in these three editions. 3 She found that 
of the scientists listed in the first three editions of 
American Men of Science : 
2. 5 percent of the chemists were women 
2 . 6 percent of the physicists 
3 . 8 percent of the geologist s 
4. 3 percent of those in medical sciences 
6 . 3 percent of the mathematicians 
6 . 4 percent of the astronomers 
7. 7 percent of the anthropologists 
8. 9 percent of the zoologists 
9. 4 percent of the botanists, and 
22.8 percent of the psychologists. 4 
Rossiter ' s material on career patterns provides 
some basis on which to compare the careers of the women 
astronomers with other women scientists. Of the 21 women 
astronomers Rossiter found in American Men of Science, 
12 had bachelors degrees: five from Vassar, three from 
Smith, two from Radcliffe, and one each from Wellesley and 
the University of Michigan. The ten colleges which produced 
the most listed wome n scientists in all fields are (in order) 
Wellesley (with 36), Vassar, Smith, Mount Holyoke, Cornell, 
University of Michigan, Bryn Mawr, University of Chicago, 
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Barna r d , a nd t he Univer s i t y of Pennsylvania (with 12 ) . 5 
Twenty of t he 21 women astr o nomers (95 percent) held j ob s 
in universities , 10 as pro fe s s o r s and 10 in observatories 
' 
c ompared with 68 percent of al l t he women scientists . Five 
of the vomen astronomers (24 t ) h d perce n a e arned Ph.D. ' s , 
comp red with an erage of 63 percen t of wome n scientists 
in 11 fields . 
were marrie 
Two of the women ast r onomers (9 . 5 percent) 
1 hou h at least one of the s e was separated 
from her husban ) , com ared to an ave r age o f 19 . 4 percent . 6 
Figure 2 gi es a table of these figure s in more detail, 
broken u b f iel 
Rossiter st die only a sample of 500 me n selected 
at random fro the 1921 edition of Ame r i c an Men of Science , 
but the 17 m l e astronomers in this s amp l e can p rovide 
some com rison with the women . The r e is no r e ason to have 
c onfi ence in these results , but they indicate possible 
trends . Twelve of the men a s t r o nome rs (71 percent) were 
emp l oye in academic in s titutions, a s compared with 95 
percent of the women astronomers. Se ven of the men held 
Ph . D. ' s (41 percent ) as compared with 24 percent of the women . 
Of all t h e male scientists in he r sample, 63 percent held 
jobs i n academia a nd 47 p e rce nt had Ph.D . ' s (Ph . D. 's are 
7 corre l ated more strong ly wi t h age than with sex) . 
The r e are ma ny p r o ble ms with the data source for 
the s e f i gure s . The f a ct that only one woman astronomer not 
connected with an academic institution is liste d is clear 






I % of % Ma r- % Mar - Academia % 
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95 . 2 As t ron omy 21 I 4 . 2 5 I 23 . 8 2 9 . 5 10 10 
I 
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Fig. 24. Fields, Doctorates, Marital 
Women Scientists in Various Fields (Rossite r, 
Status, and Occupa tion o f 
"Women Sc i entists," p. 315). 
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There were a number of women at Moun t Wilson and the Nava l 
Observatory doing more significant scie ntific rese arch than 
the professors at the women ' s colleges , mo st of whom are 
listed . Rossi er ' s paper is just about t he only statistical 
study of women scientists in the period in Ame rica that 
h s bee 0 c, n he sea e of this thesis did not allow 
the et ile th t would have been required t o get 
be ter in or, erican en of Science is no t a very 
de e le so cc , b i is convenient , and a f u r the r study 
co l i e i or (tho gh limited) information of the 
di ere ccs e •.·:ee he c reers of men and women s c i e ntists . 
It con i s in or tio hi ch Rossiter did not u t i lize on 
ag le :J h o .... s a in e h job , mobility , membe rship in 
soci ies , nc rns of evelopment of careers . A more 
rigorous s UC 0 he - osition of women scientists would 
robabl h ve o be b sed on numbers of paper s publishe d 
in scientific journ ls , but this would i nvo l ve d ifficulties 
in cvalu ting th restige of various journa ls a nd it might 
be extremely difficult to find biograph ica l materia l on 
m ny of the women . 
Women Astronomers I Have Fo und 
The information on t h e career s of the 164 women 
working in astronomy who have tu r n ed up du r ing the course of 
my study can give a more detailed p i c ture . The p rob l e m 
i s that these women were not s e l ec t ed by any cohe r e nt 
· · d my i' nformation is o fte n v e r y incomp l e t e . The y criteria , an 
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are all women who held J0 0bs doi'ng t · as ronomical work or 
were recognized for significant work done as volunteers 
or amateurs. There is no doubt an overrepresentation of 
graduates of women's colleges and women associated with 
Harvard and Dudley Observatories , because of the nature 
of my sources . The full list of women is given in appendix 
C. The women listed include every woman on the staff list 
of Harvard and Dudley Observatories , graduates of women's 
colleges who held astronomical jobs after graduation, and 
women mentioned in astronomical journal s or popular articles 
on women in astronomy written at the time. Figure 25 gives 
the number of listed women employed at each observatory. 
Of the women listed , 53 received B . A. 's from women's colleges, 
and these are the group which will be examined most closely, 
because alumnae biographical registers give information on 
their careers. First, though , it is necessary to look 
briefly at who the other women were. 
Information is scanty on the women who are not 
identifiable as graduates of women's college, but they can 
b e divided into four distinct groups. Twelve are graduates 
of other colleges : two each from Carleton College and 
Boston University and one each from the University of Michigan, 
Columbia, university of Chicago, Ohio Wesleyan, Swarthmore, 
University of Denver, Guilford College in South Carolina, 
and Girton College in England. Four are women who gained 
reputations as astronomers by assisting their husbands. 









Dudley -~-~! 2-;-1 
Harva rd I 45 l 
Lick - · 1 4 I 
Mt. Holyoke 7 
Mt . \ ilson 12 




Swarthmo re 2 I 
Vassar 13 --1 
I - I 
1 
\ ashb rn · 111 -- - -- ·-----
\ ellesl y 2 I - - --- ------- -
Yale 4 
---- ---1--- --
Yerkes 1 12 I 
L.------
Fig. 25. Numbe r of Women Whose Careers are Known 
Who Work d t Each of the Major Observatories. 
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college education; the rest are h women w o worked at observatories 
but for whom there is no information on their college 
educations, if any. Some of these are probably women who 
were educated at the western and midwestern coeducational 
colleges and universities which were being established at 
about this time. A study of the archival records of the 
large western and midwestern observatories, such as Yerkes 
and Mount Wilson, is needed to find out more about these 
women. A fairly large proportion of the women working in the 
large observatories probably had no college education; this 
has been shown to be true at Harvard at least. The women 
listed who worked at big observatories away from the east 
coast were discovered mostly because they wrote papers in 
the astronomical journals, and therefore were probably the 
best educated of the women at their observatories. Because 
the staff lists for the Harvard and Dudley Observatories were 
available, a disproportionate number of women who worked 
there are listed. 
Fifty-three women astronomers were found in the 
course of this study who had graduated from women's colleges. 
Of these, 27 went to Vassar, 15 went to Smith, seven went to 
Mount Holyoke, three went to Radcliffe, andonewent to 
Wellesley. Thirteen of these women ended up in jobs having 
nothing to do with astronomy and four ended up in related 
Six university jobs, such as professor of mathematics. 
were married within five years of graduation, six more 
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within ten years, and a total of 16 married eventually. 
There is no evidence that · any continued work after marriage. 
Twenty-three of the college graduates taught high school 
at some time in their careers. Nineteen earned masters 
degrees and nine earned Ph.D. 's. 
Figures 26 and 27 give place of work and institution 
where higher degrees were earned for the women's college 
graduates. The table of places of work includes all jobs 
held, so some people are counted more than once. · 
Papers by Women in the Astronomical Journals 
I searched the three major American astronomical 
journals, the Astrophysical Journal, the Astronomical 
Journal, and Popular Astronomy, for papers by women between 
1875 and 1920. Women were identified by their first names, 
or by the use of Miss or Mrs. Doubtful first names and 
initials were assumed to be men uniess known to be women from 
other sources. Names which were given with first initials 
only do not appear to have been a substantial source of 
error because the first name was given in full for all but 
one or two of the known women. co~authoring of papers 
by men and women was not a common practice, but when such 
papers occurred they were counted as papers by men. Papers 
published in parts in different issues were counted as if 
each part was a separate paper. Only major papers were 
counted, not minor notes or regular departments. 
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Rad- ' Mt.Ho- Well-Vassar Smith cliffe lyoke esley 
Women's college 10 7 1 5 0 
Allegheny 1 0 0 1 0 
Carl eton 0 1 0 0 0 
Columbia 3 0 0 0 0 
Harvard 3 1 3 0 1 
Lick 2 0 0 1 0 
Mt. Wilson 5 l 0 3 0 
Naval Obs . l 1 0 2 0 
Yale l 0 0 0 0 
Yerkes 5 3 0 1 0 
Fig. 26. umber of Graduates of Various Women's 
Coll eges Who iorked at Each Observatory. 
Vassar Smith Mt.Holyoke 
Brown l 0 0 
Chicago 2 l l 
Columbia 3 l 0 
Mt. Holyoke 0 0 l 
Michigan 0 1 0 
Radcliff e 2 2 0 
Smith l 3 0 
Univ. Calif. l 1 0 
u. Southern Cal. 0 0 1 
Vassar 5 0 0 
Yale l 1 0 
Unl·versities From Which Graduates of Fig. 27. 
Women's Colleges Received Higher Degrees. 
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Figures 28-33 give number of papers by women 
and percentage of papers by women in each volume or year 
of the three journals . The most prolific authors were 
Mary Whitney of Vassar with 48 papers and Mary Byrd of Smith 
with 28 . Care should be taken in interpreting any trends 
seen in these figures ; it takes only a few papers to change 
the percentage of papers by women considerably. Many of 
the variations are probably caused by changes in the number 
of papers submitted by women , which is affected by such 
outside factors as the teaching load at a particular college 
in a particular year and the number of comets which appear 
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Fig. 29. Pe rcentage of Papers Published in 
the As trop hy sica l Journal that were writte n 
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Fig. 30. Number of Papers By Women Published in the 
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Fig. 33. Perce ntage of Papers Published in 
Popular Astronomy that were written by women, 
18 93-1920 . 
APPENDIX B 
CORRESPO DE CE CO CERNING MARY WAGNER 
Prof . E . C. Pickering 
Dear Sir :-
Vassar College Observatory 
Poughkeepsie, N.Y. 
May 15,1893 
. I have l earned that you employ women 
in your obser atory for various kinds of work. ·As I am 
very much interested in astronomy , I beg you to consider 
me as n pplicant . 
. For two years I have assisted Prof . Mary w. Whitney 
in the Obser atory of Vassar College . During this time I 
have done a great deal of computing and have become familiar 
with most of the instruments , expecially the spectroscope, 
which I h ve used in the laboratory as well as the observatory. 
Before entering college, I taught five years and 
received a f ir salary . I have no doubt that I can get 
nine or ten h ndred dollars a year in some high school, 
but I would much prefer a six or seven hundred dollar 
position in an observatory , and if there is an opportunity 
to study or to dvance myse lf in any way, I might be willing 
to take 1 ss . I shall be very grateful if you can help 
me in ny way. 
Prof . Whitney will write yo u about me and my work. 
Dr. Cooley, with whom I have been studying light, 
can tell you of my work with the spectroscope. 
Will you please l et me know as soon as possible 
whether you can offer me a position or not; for if you 
cannot, I must decide upon something else. 
Most respectfully 
Mary S. Wagner 
[HA:UA v 630 . 17, group 1, folder Wad-Way] 
May 18, 1893 
Madam, 
Your l etter of May 15 is at hand. There is some 
prospect that additional assistance may soon be employe? 
here , but perhaps the work required may not be.of the ki~d 
which you would like. It would be partly clerical (keeping 
accounts, and perhaps assisting j_n the Observatory correspo~­
d ence ) and partly computing (at present, chiefly the reduction 
of the meridian circle observations). Seven hours' work a 
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day would b e expected, with one wo ld b f' h month's vacation. The salary 
u e i v e un~red dollars a year at first, with a 
prospect of some increa s e if justified by the character 
of the work done . 
I f you desire suc h a situation I shall be glad to 
hear from you again upon the subject. 'If you write within 
the next ten days , your l e tte r may be addressed to Professor 
Arthur.s~arle of.this Observa t o ry, as I may be absent 
o~ a visit to Chicago . Profe sso r Searle would be able to 
give you an~ further detai ls with r egard to the character of 
the work which you may wi sh to know. 
Miss ary S . ~agner 
Vassar College Observatory 
Poughkeepsie , N. Y. 
[HA : U V 630 . 14 , letter book 
Prof . Arthur Searle 
Dear Sir : 
Ve r y truly yours 
Edward C. Pickering 
All p . 635] 
Vassar College Observatory 
May 22, 1893 
I received a letter from Professor Pickering 
last week saying that you might soon need another assistant. 
I should like to spend a yea r, at least, in the 
Harv r Observatory and am perfect l y willing to compute, to 
write letters or to do anything tha t may be r equired of 
me . I m more fond of practica l work and have a good eye 
for seeing ; I have used the t e l e scope , microscope, and 
spectroscope a great deal . I n ca s e you wish me to do other 
work than computing I may be a bl e t o do it. I am satisfied 
however to give my whole t ime to computing if you so desire. 
If you care to of fer me a postion when will the 
work begin? I expected t o s pend two months in the west 
th is summer but can change my p lans if necessary. Please 
l et me he r from you as soon a s conve nient for I have other 
work under consideration. 
Very respe ctfully, 
Mary s. Wagner 
[HA : UA V 630 . 1 7, group 1, fold e r Wad-Way ] 
May 23, 1893 
Madam , 
Your l etter o f Ma y 22 is at hand. I presume that your 
app l ication will b e cordially supported by Professor 
Whitn ey , who may have written to Professor Pickering 
al ready . I n t hat c a s e , I have no doubt that Professor . 
Picker ing will b e g lad to have the advantage of your assistance 
he r e upon the t e rms state d in his letter of May 18. I 
f ear tha t t here will b e little opportunity for you here 
in the way o f t e l e scopic work. If you can conveniently . 
do so I should r e comme nd you to visit this Observatory in 
order ' to o b ta in a b e tte r knowledge of the situation than 
c orrespon dence c a n afford. As regards the time of beginning 
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work, ~hat might probably be arranged to suit your 
convenience, although an early date would be desirable. 
Very truly yours 
Arthur Searle 
[HA: UA V 630 .14, letter book All , p . 646) 
Prof. Searle 
May 26, 1893 
Dear Sir , 
Your letter was received today . I thank you 
very much for the offer and think I shall accept it. 
. If you are willing , however , I should like to 
c~nside~ the matter a little more fully and to consult 
Miss.~hitney who is now absent . I expec t to hear from 
her in few days and will try to give you a decisive 
answer by June 1st . 
I have another postion in view , which will pay 
me much bet er . It hurts my pride to work for five hundred 
dollars , but I ha e a great desire to see your observatory 
and to work there a year must surely be instructive to me. 
I o not care to enter a position before the first 
of August or September . If you desire me to begin sooner 
I m y be ble to arrange it . I am very tired now and perhaps 
can do b tter work for you after I have had a complete 
rest . 
Ple se par on my indecision and if it is necessary 
for you to know positively whether I will accept the 
position or not , let me know and I will wire you a reply. 
Very respectfully 
Mary s. Wagner 
[HA : UA v 630 . 17 , group 1 , folder Wad-Way] 
[further letters concerning when she would start work omitted] 
Dear Professor Searle , 
114 6th St. S.E. 
Minneapolis , Minn. 
Dec. 11, 1893 
I am sorry that I did not see you 
before taking my sudden departure , but it is not too late, 
I trust , to thank you for your kindness and especially for 
the suggestions you made in regard to futur~ work. I am 
also grateful for all information you gave in regard to 
Astronomical observations and etc. 
It seems to me that I ought to beg your pardon for 
complaining to you so often about the_wor~. ~hope your. 
new assistant if you have one, may find JOY in cataloguing 
stars and tha~ she may have no other ambition than to do 
that well . Enclosed is a receipt for the money you so kindly 
loaned me. r believe there was more than sixty-seven cents 
but I do not know . I took what Prof . Pickering gave me 
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and then flew . 
Do you think they will a 
of December that 1 worked ? Th P Y me for the ~hree days 
days in this month which.wi·11erekarehtwenty-five working 
t f . ' ma e t e amount due l o ive dollars . There is also a doll . me equa Sept r k ar owing me for · wor ed 10 days out of twent · 
r eceived sixteen dollars instead of ~i~~x and sho~ld have 
tha~ I am a few hours behind in my work ~~~·as I~~! trute 
entitled to any of th t· no b k. d e vaca ion money perhaps they will 
e in enough ~o pay me for full time. If you think it 
worth while I will send in a bill or will h 
made out for me? you ave one 
I am gl d to say that my mothe r improves tho' 
slowly. She will need my constant care for a number of 
~eeks. I h~ e no doubt that I can get a good position 
in the public schools of this city in a month or two. 
Very sincerely 
Mary S. Wagner 
[H U V 630 . 17 , group 1, folder Wad-Way] 
De r Prof . 
help me to 
return. 
Searle ,- December 19, 1893 
I have friend here who says she will 
y e ·penses in Cambridge if you wish me to 
ly mother is out of danger and I think I can leave 
her in a few weeks . 
Th Superintendent of schools here says he will 
give me a position if I desire to remain in Minneapolis 
and will pay me t least seven hundred dollars a year, that 
is seventy dollars every four weeks . 
The impression has been made, however, that I 
was sent home, and for that reason I would like to finish 
the year at the Harvard Observatory. 
If I can use the telescope evenings and work four 
hours a day on the catalogues, I will be satisfied. I 
should like to have an opportunity of showing you and 
Prof . Pickering that I can do some good work. If the burden 
of poverty is not so heavy, I shall be happier. 
The seven hours a day with no opportunity of going 
to Boston to buy a new bonnet or a pair of shoes was simply 
unbearable. A woman must do a little "shopping" in order 
to live, you know. 
Do yo u think Prof. Pickering would be willing to 
employ me at the rate of thirty cents an hour. I shall 
not be suprised if he refus e s to hear of my returning. 
My reputation is at stake, however, and that means a great 
deal to me for it is all that I have. 
rf
1
Mrs. Eddy cannot give up her evenings to observing, 
I think Miss Maury would be very glad to work with me. 
Very truly yours, 
Mary S. Wagner 
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P.S. I~ yo u think Prof. Pickering would ob'ec 
r e tur n i n g p l ease s ay nothing to him abo t ~t t to my 
[HA: UA V 63 0.17, g r o up 1, folder Wad-W~y]i · 
Dear Prof . Searle , Dec. 20, 1893 
My trunks arrived yesterday and I found in one of them a N b' ewcom s Astronomy which I suppose 
belongs to the Obser~ator~ a ltho' the re was no name in 
i t . I send it by this mai l to you. 
I feel quite sure t hat Prof. Pickering will not 
c are ~o have me return . Perhap s you will be kind enough 
t o write to Chas . M. Jordon , Supt. of the Minneapolis 
Sch?ols , nd tell him that I wa s no t s e nt home or somethin 
equivalent . If you.will do tha t I may be able to secure g 
a.thousand dollar high schoo l position. If you can conscien-
tiously say nything in my favor I shall be extremely 
grateful . 
Very Sincerely, 
Mary S. Wagner 
[HA : UA V 630 . 17 , group 1 , folde r Wa d-Way] 
Prof . Searle , 
De r Sir , -
114 6th St. S.E. 
Minne apolis, Minn. 
Feb. 14, '94 
If any letters direc t e d to me are left at 
the Observ tory , will you be k ind e nough to forward them 
to th above address . 
I am sorry to say tha t the r e were no vacancies in 
t h e high - schools of this city or o f St. Paul and as I 
know nothing of kindergarten-wo r k I am left without a 
position . 
In the evenings and on Sa turday s I give private 
instruction in Astronomy and Bio logy to some of the city 
t eachers at the rate of fifty cents an hour. Living at 
home as I do , I am muc h r i c he r than I could hope to be 
in Cambridge . 
Next week I expect to beg in a course in Zoology 
a t t he University o f Minne sota . So you see, I have the 
l o n ged - for opportunity to study . 
I t breaks my heart though when I think of the 
wooden post that I wa t c he d with so much interest from my 
priso n wi ndow . I should like to know whether the telescope 
h a s been mo unted or not. If I had not been so very poor, 
I wo u ld have been d e lighte d with the prospect for I like 
to observe a n d I ha v e a good eye, but Astronomy must be 
l ef t in the h a nds o f the wealthy, while I turn my attentions 
to someth i n g tha t will give me a living. 
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Astro~omy will receive all due attention; 1 know from my experience at Harvard that no star or comet will 
escape their everlasting vigilance. 
I have spent about five years studying things 
celestia~. I shall now devote myself to the terrestrial 
and see if I cannot do something worthy in that l" I h ine. 
ope you are well and cheerful as usual. 
Most respectfully yours, 
Mary S. Wagner 




Feb. 29, 1896 
I would like to enquire if next fall 
there will be any opening in your Observatory for an 
intelligent young woman, interested in Astronomy. Miss 
Macallester will be graduated at Vassar next June and she 
would like very much to find some work to do of an astronomical 
character. She is a young woman of good ability and has 
been a conscientious and enthusiastic pupil. She is now 
taking the introductory course in Astrophysics which 
we offer. 
I hesitate somewhat to present a Vassar student 
to your attention knowing ,that Miss Wagner must have been 
in many ways unsuitable for your work, and I fear she 
gave you some annoyance. 
Perhaps, however, you may recall that she made 
application herself. I doubted at the time her physical 
fitness for the work, but after she had made the application 
I hesitated to injure her prospects by expressing this 
doubt. Miss Macallester is a well and cheerful young 
woman and will not trouble her employer with nervous 
instability. 
Yours truly, 
Mary w. Whitney 
[HA: UA v 630.17, group 1, folder Wha-Why] 
March 3, 1896 
Madam, 
Your letter of Feb. 29 is at hand. I wish I could 
offer Miss Macallister a position here next fall, but no 
funds are available for increasing the number of computers 
employed here, and there is no present prospect of any 
vacancy to be filled. If ci~cums~ances ~hou~d change, 
r shall remember Miss Macallister s application, and your 
recommendation. 
Miss Wagner's work was very sa~isfactor~ to 
Professor Searle, to whose department it wa~ mainly . 
confined, but she found the monotony of ordinary computing 
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too much for her, although care had been taken before 
she came to explain to her that there was no prospect of 
pecuniary returns for work of a more interesting character. 
Professor M. W. Whitney 
Vassar College 
Poughkeepsie, N.Y. 
Very truly yours 
Edward C. Pickering 
[HA: UA V 630 .14, letter book Al3, p. 242] 
APPENDIX C 
LIST OF WOMEN 
This list is intended for the use of others who wish 
to study women in astronomy. It therefore includes the 
name of every womanwhom I know to have been active in 
astronomy between 1875 and 1920. The information given, 
when known, is dates of birth and death, education, jobs 
held, and husband's name if married. For women ·who are 
known only by papers they published, the journals and 
volumes in which the papers were published are given. 
The following abbreviations are used to indicate sources 
(see bibliography for further details): 
(DO) 
(HCO) 
Benjamin Boss, History of the Dudley Observatory 
1852-1956 
Solon I. Bailey, History and Work of Harvard 
Observatory 1839-1927 







Anne P. McKenney, "What Women Have Done for 
Astronomy in the United States" 
Notable American Women 
The Alumnae Biographical Register of the women's 





'f' d. 'taught' is used to mean teaching Unless otherwise speci ie 
below the college level. 
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Allen, Charlotte s. 
Worked at the Dudley Observatory 1910-11. (DO) 
Allen, Frances E. 
B.A. Vassar 1919. Worked as a computer at Yerkes 
summer 1919. 
Applegate, Mary 
Worked at Harvard 1918-20. M · arried Beach. (HCO) 
Barber, Harriet Sophia ( ? ~1933) 
B.A. Mt. Holyoke 1898. Worked as an assistant 
at Mt. Holyoke 1902-3. Teacher 1899-1902, 1905-6, 
1908-9. Secretary 1909-11. Married Lester H. 
Humphrey 1912. (WC) 
Bardwell, Elizabeth Miller (1831-1899) 
Taught 1850-64. Graduated from Mt. Holyoke Female 
Seminary 1866. Professor of astronomy and director 
of the observatory at Mt. Holyoke 1866-99. 
Barney, Ida 
Ph.D. Worked at Yale on catalogues at least 
1924-1936. AJ:35. 
Benedict, Marguerite S. 
Worked at the Dudley Observatory 1910-14. (DO) 
Bigelow, Harriet Williams (1870-1934) 
A.B. Smith 1893. Ph.D. Univ. of Michigan 1904. 
Teacher 1894-96. Assistant at Smith 1896-1901. 
Instructor at Smith 1904-6. Associate professor 
at Smith 1906-11. Professor at Smith 1911-34. 
Worked at Yerkes for several months. (WC) 
Bingham, Mary E. 
Worked at the Dudley Observatory 1914-18. (DO) 
Block, Dorothy W. 
Bok, 
Worked at Yerkes 1919-? Worked at Harvard 1917-? 
Married John Paraskevopoulos. (HCO) 
Priscilla Fairfield 
B.A. Boston University 1917, Ph.D. Univ. of California 
1921. Assistant professor at Smith 1922-31. 
Married Bart Bok and assisted him in his astronomical 
work. 
Bond, Selina Cranch (1831-1920) 
worked at Harvard 1879-1920. (HCO) 
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Bre s lin , Sa r a h E . 
Wo rk ed a t Ha rvard 1898-1912 . (HCO) 
Brook s , Gra c e R. 
Worked at Ha r va rd 1906-1920. (HCO) 
Bu ffum , Grace I . 
~ orke t t he Dudl e y Obse rvatory 1904 -19 33. (DO) 
Bu rns , C rolyn E . o . 
Stu ied t Radc li f f e 19 08 -09. k Wor ed at Mt . Wilson. 
Byr , ary Emma (18 9-1 93 4) 
E . A . Univ . of i chi ga n 1878. Studied at Harvard 
Observ ory 1882 -8 3 : Ph . D. Carleton College 1904. 
Te cher 1879 - 82 . Dire ctor of the Smith College 
Observa ory 1 88 7-1 906 . Profe ssor of astronomy at 
mith 1896 - 1906 . 
C mpbell , Florence 
o form l tr ining i n a stronomy . Worked at Harvard 
1925- ? 
Cannon , Annie Jum (1863 -1 941) 
B . 1 . i ellesley 1 88 4 . Wo rke d at Harvard 1896 -1 941 . 
Carpenter , Al ta 1. 
i orke at !Iarvard 1906-20. (HCO) 
Cl r k , Livia G. 
Worked at the Dudl e y Obs e rvatory 1904 -1 922 . (DO) 
Co bb, Harriet Redfie l d 
B.A. Smi th 1 8 89, M. A. Smith 1891 . Studied at 
Co lumb ia summe rs 1914,1915 . Teacher 1889-90, 
18 91-9 5 . Professor of mathematics at Smith 1895-1932. 
(WC) 
Cowley , Eli za be th B. 
B.A. Va ssar 1901, M.A . Vassar 1902, Ph.D. Columbia 
1908. Studie d at Chicago , G6ttingen , Munich. 
As s ociate profe ssor of mathematics at Vassar 
19 0 2- 2 9 . (WC) 
Cunnin g ham, Susan J. (1842-1921) 
Honorary Sc.D. Swarthmore 1888. Studied at Vassar 
1866-67 , Harvard summers 1874 ,7 6 , Princeton summer 1881, 
Cambridge , England summers 1877,78,79,82,87,91, 
Williams summe rs 1883, 84 . Professor of mathematics 
and astronomy at Swarthmore 1872-1906 . 
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Cushman , Florence 
Worked at Harvard 1888 - ? (HCO) 
Davis , Alice E . ? -1923) 
B . A. Vass r 1900 , M. A. Vassar 1901. Ta u ght. (WC) 
Davis , Corcit Register Hoffecker 
1 rried Herman Stearns Davis . Assis t e d he r husband 
in the ew Reduction of Piazzi ' s Star Ca t a l ogue. (K) 
Davis , Eliz beth Brown 
St t Johns Hopkins . Was working wi t h E. E. Barnard 
in 1891 . \orked at the Naval Observatory . 
Davis . ( K) ( ) 
D vis , ? -1930) 
B . , ssar 1899 , B. S . Columbia 1910 . Worked at 
Col mbi 18 9-1908 . Head of the departmen t of 
hol r a Univ . of ebraska 1910 - 17 . 
ssor t Oregon Agricultural College 1 917-3 0. 
Davis , Hel 
. ~ilson . Instructor in physics dep t. 
r . lorke at Yerkes summer 1 919 . 
Dobbin, E ily Elis eth 
Doran , 
Dr per , 
B .. Univ . of Chic<:tgo 1904 . lvorked at Yerke s 
1902 . A J : l9 . 
b 1 I . 
\ork t the Dudley Observatory 1918 - 20 . (D 0) 
ry nna P lmer (1839-1914) 
rrie H nry Dr per . Assisted her h usband . 
money to H rvard . 
Dyer , M bel 
worked at the Dudley Observatory 1907-17. (D O) 
Eaton , Ett M. ( ? - 1915) 
B . A. Mount Holyoke 1889 . Taught 1 889 - 90 , 18 93-95. 
Postm ster , Lancaster , N. Y. 1897 - 99 . Wo rked a t 
th Naval Observatory 1900 - 15 . (WC) 
Eddy , I . W. 4 
worked at Harvard 1889 - 190 . (HCO ) 
Eddy , Mary B . O 11 (DO) work d at the Dudley Observat ory 19 1 - · 
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Winifred Edgerton 
B . A. lvellesley 1883 , Ph .D. Columbia 1886. 
at Columbia . Married Merril approx. 1887. Worked 
Ensign , Inez A. 
E re 
B. 1t . . Holyoke 1911 , M. A. Univ . of Southern 
Cali orni 1932 . Worked at Mt . Wilson 1911-14. 
Secre ry 191 - 18 . Statistician for the war 
D 1918-19 . Computer Astrophysica l 
ory (Smithsonian?) Washington D.C. 1919. 




c of Girton , in England . 
1898-99 . 
Assistan t at 
F rnh rn , , ar r t 
\Orkec a he D dley Observatory 1914-? (DO) 
F nswo h , lice fl 11 
Farr r , 
8 . 1 . . Holyoke 1916 , . A. Mt . Ho l yoke 1917, 
Ph . D. ni . of Chicago 1920 . Studied at Yerkes 
1 1 -20 . lorke at Lick 1930 - 31 . Instructor at 
Uni of Chicago 1920 - 22 . Assistant professor 
o n Holyoke 1922 - 25 , 1926 - 28. Associate 
ro - ssor 1928-? . Director of observatory at 
llolyokc 1936-? (IC) 
H rv rd 1881-1885 . (HCO) 
Flcrnin , I illi min P ton Stevens (1857 -1911) 
Hi h school education only . Worked at Harvard 
1881-1911. ( Iv) 
Fowler , Lillian V. 
i orkcd at the Dudley Observatory 1904-1928. (DO) 
Fowler , M ry 
B . A. Vassar 1911. Hired 
s having worked there . 
Secretary 1922-? (WC) 
Jennie V. 
by Allegheny but not listed 
Studied at Simmons 1920-21. 
France , 
Was working at Yale in 1922. AJ: 34. 
Fuller , Alice M. 
worked at the Dudley Observatory 1911-23. (CO) 
Fuller , Ernestine W. 
M. A. Assistant at Vassar 1913-16. 
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Furness , Caroline Ellen (1869-1936) 
B . A . ~assar 1891, Ph .D. Columbia 1900. Studied 
at Ohio State 1892 - 94 . Taught 1891-94. Worked at 
Yerkes ~ummer 1899. Worked in astrophysical lab 
at Gron1ngen 1908 . Assistant at Vassar 1894-98 
Professor at Vassar 1899 - 1936 . (WC) 
Gale, Florence 
i orked at the Dudley Observatory 1913-18. (DO) 
Gill , Edith F . 
horked a I! rvard 18 8 9- ? ( HCO) 
Gill , L ur Dr ke ( ? -1 926) 
B . · Sim h 1881 , M. A. Smith 1885, D.C.L. Univ. of the 
So h 1907 . Studied Smith 1881-89, Leipzig 1890-92, 
1892 , Sorbonne 1892 - 93 , Cornell 1919-20. 
T u h 1881 - 90 , 1893-98 . ursing work 1898, 
18 9-1901 . Dean at Barnard 1901-1908. (WC) 
Gill , b l 
\ orke t Har ard 1892 - ? (HCO) 
Glan , Ann Estelle 
Ph . D. Univ . of California 1913 . Fellow at Lick 
1908-10 . \orked at the National Argentine Observatory, 
Cordob , Argentina 1913 - ? 
Guil r , Charlotte Gertrude 
B .. Ohio Welseyan 1925 , M.A. Smith. Instructor 
t Smith 1925 - 32 . 
Gushee , Ver M rie 
B . A. Smith 1916 , M. S. Univ . of Chicago. Studied 
Chicago 1916-17 , Smith 1917-19, Northwestern 
1924-25 . Worked at Yerkes 1916-17. Worked at 
the v l Observatory summer 1918. Demonstrator, 
assistant , assistant professor at Smith 1917-27. 
Instructor at Northweste rn 1924-25. Instructor at 
Ohio State 1925 . Instructor at Pine Manor, 
Wellesley 1927-? (WC) 
Hall , Angelin Stickney (1830-1892) 
Married Asaph Hall . Helped her husband. 
Hall , S . H. l 
worked at Harvard 1897-1900. Married P. F. Bonestee e. 
(IICO) 
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Harpham , F . E . 
1.A. Carleton College . Assistant at Smith 1893-96. 
Worked at Columbia 1896-1910. Taught at the 
College for Women , Columbia, s.c . 1910-? 
Harrim n , r u e E . 
\ orke at Harvard 1900-5 . (HCO) 
Harwoo , ar 
B. 
rct (1885 - ) 
H s , 
ssoci 
Obs e r 
dcliffe 1907 , M. A. Univ . of California 1916. 
t Harvard 1907 - 12 . Fellow of Maria Mitchell 
tion 1912 -1 6 , Director of the Maria Mitchell 
ory 1916 - 57 . 
liffc 1914 . Worked at Harvard ·1912 -18. 
Assist n professor at Vassar 1920-32 . Worked at 
he D l e y Observatory 1925 - ? 1arried William Henry 
1935 . (llCO) (DO) 
II cs , II len . 
ll z n , 
Ins r or of m thematics at Wellesley around 1903 . worked 
Columb·a . (K) 
Louis Col m n 
B. mith 1898 . Studied Univ . of Pennsylvania 
1900-1 , Dartmouth summer 1902, Univ . of Texas 
190 2-3 . T.::tught 18 98 - 1931 . (WC) 
Herb r , ! ry J . 
the Dudley Observatory 1914-18. (DO) Work 
Hill , L ur E . . 
. A. Instructor at Vassar 1924-27. Working at 
De rborn Observatory in 1922 . AJ : 34 . 
Hodgdon, Lillian L . 
worked at Harvard 1889-? (HCO) 
Howe , 
Howe , 
Mary B. k d B . A. V ss r 1922 , M.A. Radcliffe 1925. Wor e 
23 Assistant at Vassar 1923-24. . 
at Lick 1922- . 1924-25. Taught 1925-26. Married work d at II rvard 
Rob rt H. Baker 1926. (WC) 
Mary E . 
worked at Harvard 1907-9. (HCO) 
now 11 , Janet T . . 44 working at Mt . Wilson in 1916 . ApJ : . 
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Hopkins , Mary Murray ( ? ~1921) 
Jacoby, 
B.A . Smith 1899 , M. A. Columbia 1911 Ph D Col b' 
1915 Stud' d t ' · · um ia · ie a Yerk~s sununers 191 2 , 191 3 . 
Taught 1899-1906 . Assistant at Smith 1906 - 8 
Instr~ctor at Smith 1908-15 . Associate prof~ssor 





t Columbia around 1899 . 
( K) 
Married Harold 
Jam s , ~· r B . 
"<Orke the Dudley Observatory 1918-19 . (DO) 
Je ki s , Freeland 
ssis n 
Alleghen 
1915 - 20 . 
Holyoke 1911, . A. Mount Holyoke 1917 . 
a ount Holyoke 1911- 13 . Worked at 
1913 - 15 . Instructor at Mount Holyoke 
issio ary 1920-32 . O C) 
Jen i as , Flore ce 
~orked the D dle Observatory 1911 - ? (DO) 
Je ni c s , a.r 
Jon s , 
Josli , 
\\or ec u e D dley Observato ry 1907-13 . (DO) 
t the Dudley Observatory 1913-18 . (DO) 
r Ree 
B . L . Smi h 1898 . 
Tutor at Ra clifee 
t riter . (\C) 
Studied at Radcliffe 1898 - 99 . 
1899-1903 . Stenographer 1906 - 11. 
Klumpke, Dorothea (1861-1942) 
tive of C lifornia . Doctor of science degree 
from the Univ . of Paris , 1893. Worked at the 
Paris Observatory . Married Isaac Roberts . (M) 
L ir , Elizabeth R. 
At Bryn Mawr. ApJ:l4 (1901) . 
Lamson, El nor A. 
Working at the Naval Observatory in 1905 . 
AJ : 2 3 . 
Lange , Isabelle (DO) 
Worked at the Dudley Observatory 1910 - 40 . 
Lange , Marie (DO) 
Worked at the Dudley Observatory 1915- 31. 
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Lasby , Jennie 
M. A. Mt . Holyoke 1906. Work i'ng at 
in 1911 . Married Tessman. PA:l9. 
Mt. Wilson 
Leavitt , Henrietta Swan (1868 - 1921) 
B . A. Rad liffe 1892 . Worked at Harvard 1902-21. 
(HCO) 
Leland , Evel n 
Worked at Harvard 1889-1925 . (HCO) 
Lewis , nna Deli 
ace , II 
cki I 
B .. C rlcton College 1889 , Ph . D. Carleton 1896. 
Tau ht t Carleton College , Albert Lea College, 
!t . Holyoke College , and Lake Erie College. 
nn h F . 
l3 . J • SS r 1890 . Studied Vassar 1892-93, Yale 
1893-9 Tau ht 1890 - 92 . Worked at the Nava l 
Observ tory 189 - ? (WC) 
Joh nn c . s . 
\ orkc t Harvard 1903 - 20 . (HCO) 
ac eil , Fr nces 
\orke t the Dudley Observatory 1910-33. (DO) 
ac ill , Helen 
\orke at the Dudley Observatory 1918-20. (DO) 
Magill , Eudora 
B . A. Sw rthmore . Worked at Columbia . Working 
at Yerkes in 1912 . (M) 
Mar in , M rth Evans ( ? -1 925) 
Wrot popul rizations of astronomy . 
M st rs , Annie E . 
Worked at Harvard 1887 -1 889 . (HCO) 
Mathews , Genevieve F . 
Work d at Harvard 1912-1916. (HCO) 
Maury , Antonia Gaetana de Paiva Pereira (1 866 -1952) 
B . A. Vassar 1887 . Worked at Harvard 1889-97, 
1917-35 . Teacher 1891-94, 1909-10. (NAW ) (HCO) 
McElroy , Alice 
worked at the Dudley Observatory 1910-11. (DO) 
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McKay, Amy J. 
Worked at Harvard 1891-1906. (HCO) 
Mead, Gertrude M. ( ? -1931) 
B.A. Vassar 1870. Studied Vassar 1870-71, Columbia 
1876-77, Col. de France and Sorbonne 1882-83. 
Taught 1874-76. Married Edwin A. Abbey 1890. (WC) 
Merriman, Mabel L. 
B.A. Smith 1894, M.A. Radcliffe 1901. Studied 
at Chicago 1896-97. Teacher 1895-96. Assistant 
at Lowe Observatory, Echo Mountain, California 
1895-6. Teacher 1897-98, 1904-7. Instructor, 
assistant professor of biology at Hunter College 
19 07-? (WC) 
Michaelis, Marion F. 
Worked at Harvard 1900-1906. (HCO) 
Mitchell, Maria (1818-1889) 
Worked for the Coast Survey 1849-68. Professor 
of astronomy at Vassar 1865-88. 
Moak, Mary G. 
worked at the Dudley Observatory 1910-13. (DO) 
Moulton, Mary Etta 
B.A. Carleton College 1894. Missionary work 
in India. 
Morris, Gwendolin 
worked at the Dudley Observatory 1913-? (DO) 
Newman, Ruth M. 
worked at the Dudley Observatory 1910-11. (DO) 
O'Reilley, Mollie E. 
worked at Harvard 1906-18. Married Sloan. (HCO) 
O'Halloran, Rose 
Dedicated California amateur. PA:7 ,10 ... 
(1899-1913). 
Palmer, Margaretta ( ? - 1924 ) ht L tin BA Vassar 1887, Ph.D. Yale 1894. Taug a 
at Vassar 1887-89. Worked at Yale 1894-1924. (WC) 
Parsons, Harriet McW. U . of Chicago 1916, BA Vassar 1915, M.S. niv. 'th . . . f Ch. 1921 Instructor at Smi Ph.D. Univ. 0 icago · istant 
1916-19 worked at Yerkes 1919 .. Ass 
. t Smith 1921-23. Married Henry T. professor a 
Hall 1923. (WC) 
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Peirce, Katharine U. ? -1929) 
B .A. V~ssar 1889, M.A. Brown 1911. Worked at 
Co~umbia 189~ -97. Head of the department of 
science at Milwaukee College 1889-93. Teacher 
1893-96, 1898 -1929. (WC) 
Peters , Amy Flora 
B. A. Mt . Holyoke 1902. Studied Mt. Holyoke 1902-3. 
Assistant at Mt . Holyoke 1903-4. Teacher 1902-3, 
1904-6 . 1arried Alfred E. Nickerson 1906. (WC) 
Proctor , Mary (1862- ? 
Lectured on astronomy and briefly edited a department 
of Popular Astronomy . PA:5. 
Quincy , Eliza 
Amateur observer associated with Harvard .around 1850. 
Raymond , Susan 
B. A. Smith 1913 , M.A . Smith 1919. Associate fellow 
aria Mitchell Association 1915-16. Maria Mitchell 
fellow at Harvard 1916-17. Demonstrator at Smith 
1913-15. Instructor at Smith 1917-22. Taught 
1913-15. Married Harold S. King 1922. (WC) 
Renner, artha 
Studied at Vassar . Worked at Mt. Wilson 1911-12. 
Married Ralph A. Sandy 1919. (WC) 
Richmond, Myrtle Leila 
B . A. Smith 1907 , M.A. Denver 1908. Studied at 
Denver 1907-12, Carleton 1912-13. Taught mathematics 
at the Univ. of Denver 1907-12, Carleton 1912-13. 
Worked at Mt . Wilson 1913-? (WC) 
Ritchie, Mary . . 
B.A. Vassar 1914. Studied Univ. of Chicago 1932. 
Taught 1915-18. Assistant at Vassar 1926-27. 
Statistics clerk in War Dept. 1918-19. Worked 
at Mt. Wilson 1919-20. Social work 1932-37. (WC) 
Rogers, R. T. 
Worked at Harvard 1875-1898. (HCO) 
Rugg, J ennie T. 
worked at Harvard 1887-89. (HCO) 
Saunders, R. G. ) 
worked at Harvard 1875-88. (HCO 
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Schind l e r , Theresa Elizabeth ( ? -1 934 ) 
Se r le , 
B . A. Mt . Ho l yoke 1906 . Assistant a t Mt. Holyoke 
1 906 -7 . Studied Univ . of Chicago summe r 1914, 
Cornell 1 91 8 . Ta ught 1907 - ? (WC ) 
T 
1 901 . Studie d at Smith 1 89 5-6. 
V SS r 1911. 
E r C . 
1902 - 3 . Worke d at 
Writer . (WC) 
Hired t o work at Mt . Wi l son . 
ichol s 1913 . (WC) 
Sloe m, Lois Trip ( ? - 1951) 
B .. Smi h 1921 , 1. Univ . o f California 1 924 , 
Ph . D. ni . of C liforn ia 1 93 0 . Taught 1 92 1- 22. 
ssis an t Smith 1 922 - 25 . Instructor at Welles l ey 
1925 - 27 . Assis ant professor a t Wellesley 1930-31. 
Res r h assis ant Wesleyan 1931 - 32 . Assistant 
ro e ssor t Smith 1 934 - ? (WC) 
Smith , Ru h E . 
Smith , 
Ste le , 
B . t . V ssar 1906 . ~ orked a t Mt . Wilson 1 906 -15. 
rri ec G rh rd Bakker 1 915 . (WC) 
IT , lichigan . Taught at Mt . Holyoke 
t Univ . of Ch i cago . Assistant at Swa r t hmore. 
Yerkes 1 916 -? 
tev ns , Harriet I . 
Work at II rv rd 1 8 91 - 1910 . (HCO) 
S tevcns , Ida c mbridge High Sc hool . Worked at Harvard 1 904 - 9 . 
(H CO ) 
Stev e n s , M b e l C. 
Wo r ked a t Ha rva rd 1888-1906 . (HCO ) 
Sta r i n , Ne llie C . 
worked a t Ha rva rd 1887 - 89 . (HCO ) 
Sutton , Psyche R. 1910 MA Vassar 1910 . Assistan t at 
B . A. Vasls9al r0 12 ' Ma;rie d Harold J . Underwood 1 91 2 (WC) 
Vassa r - · 
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Tarbox, Mary E . 
B . A. Vassar 1896. Studied at Vassar 1896-97 
Worked at Columbia 1898-1902. Taught 1902-5: 
Married LeRoy N. Babbitt 1905. (WC) 
Todd, Mabel Loomis (1858-1932) 
Married David P . Todd. Wrote a number of books 
about the sun . (K) 
Tompkins, Elizabeth M. 
B.A . Vassar 1899 , M. A. Columbia 1915. Studied 
at Vassar 1899-1900 . Assistant at Vassar 1903-5. 
Taught 1901- 2 , 1905 -? (WC) 
Traylor, ary Clark 
At the Univ . of Denver in 1902. PA:9. 
Updegraff, Alice Lamb 
Assistant astronomer at the Washburn Observatory 
1885-87 . Married Milton Updegraff 1887. Worked 
at the ational Argentine Observatory 1887-90. (M) 
Wagner , Mary S . 
Studied at Vassar 1891-93. B.S. Univ. of Minnesota 1897. 
Worked at Harvard 1893. Owner and manager of 
the Wagner Inn , Poughkeepsie , N.Y. 1902-22. (WC) 
Walker, Arville D. 
Worked at Harvard 1906-? (HCO) 
Walker, Emma E. 
Worked at Harvard 1912-18. (HCO) 
Ware, Louise 
B . A. Vassar 1900 . Taught 1901-3. Worked at 
Yerkes 1903-6. Worked at Mt. Wilson 1906-? (WC) 
Waterbury , Ruth C. 
worked at Harvard 1907-10. (HCO) 
Waterman, Phoebe E. . 
B.A. Vassar 1904, M.A. Vassar 1906, Ph.D. Univ. of 
California 1913. Assistant at Vassar 1908. 
worked at Mt. Wilson 1909-11. Vassar College 
fel low at Lick Observatory 1912-13. Appointed 
assistant at the Argentine National Observatory 
1913. Married Otto Haas 1914. 
Watson, Ida I. 
studied at Vassar. PA: 10 (1902). 
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Wells, Louisa D. 
Worked at Harvard 1887-? (HCO) 
Wentworth, Gertrude F . 
B.A. Boston University . AJ :ll (1891-92). 
White, Jessamine M. 
B.A. Vassar 1912 . Assistant at Vassar 1912-13. 
Married George S . Hawley 1913. (WC) 
Whiteside, Ida 
B. A. Vassar 1904, M.A . Vassar 1906. Studied at 
Harvard 1907-9 . Assistant at Wellesley 1907-8. 
Taught and did missionary work in Egypt 1909-? (WC) 
Whiting, Sarah Frances (1847 - 1927) 
Professor of physics at Wellesley 1878-
( AW) 
Whitney, Mary Watson (1847 - 1921) 
B . A. Vassar 1868 . Professor of astronomy at Vassar 
1888-1910 . 
Whyte, Marion C. 
Worked at Harvard 1911-13. (HCO) 
Wickham, Evelyn W. 
B . A. Vassar 1916 , M.S . Univ . of Chicago 1917. 
Computer at Yerkes 1916-19. Worked in research 
department of American Telephone and Telegraph. 
(WC) 
Willard, Charlotte Richards ( ? -1930) 
B . A. Smith 1883. Taught 1883-1887. Assistant 
at Carleton College 1887-95. Co-editor of Popular 
Astronomy 1893-95 . Taught 1895-1930. (WC) 
Wilson, Jane B. 
Worked at Harvard 1912-13. (HCO) 
Winlock, Anna (18 57-1904) 
Cambridge High School. Worked at Harvard 1875-1903. 
(HCO) 
Winlock, Louisa 
Worked at Harvard 1886-1915. (HCO) 
Wolffe, E. Gertrude 
worked at Harvard 1893-99. (HCO) 
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Woods, Ida E. 
Worked at Harvard 1893-? (HCO) 
Young, Anne Sewell ( ? -1961) 
B.A. Carleton College 1892, Ph.D. Columbia 1906. 
Taught 1892-95, 1898. Worked some summers at 
Yerkes. Professor of Astronomy at Mt. Holyoke 
1899-1936. 
Zimmer, Meade L. 
Worked at the Dudley Observatory 1906-13 (DO). 
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The largest part of the time spent on research for 
this thesis was spent reading archival material at Harvard. 
The official correspondence of the Harvard College Observatory 
for the period of Edward C. Pickering's directorship is in 
the Harvard University Archives in Pusey Library, Cambridge, 
Mass ., under the call numbers UA V 630.14 to UA v 630.17.10. 
The outgoing correspondence is in the form of letter books, 
bound books of about 600 pages of copies of handwritten 
correspondence. The main group of outgoing correspondence 
is in 36 books in five series , Al to Al9, Bl to B7, C2, 
Dl to D6 , and El to E4 , under call numbers UA V 630.14 to 
UA V 630 . 14 . 5 . Further outgoing correspondence is in 25 
more letter books under the call numbers UA V 630.15, 
UA v 630 .1 5 . 3 , and UA v 630.16. References to the letter 
books give the call number, the series and number of the 
l etter book, and the page number. 
The incoming correspondence is separated into two 
files, which are separated into groups. File I, which is 
indicated by its call number, UA v 630.17, is separated into 
three individually alphabetized groups. Group 1 is dated 
1875 to 1899 (incoming) and consists of 14 boxes. Group 
2 is dated 1899 to 1902 (incoming ) in the catalogue of the 
archives but is labe led 1876 to 1902 on the boxes (and indeed 
contains l e tte rs dated before 1899); it contains nine boxes. 
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Grou p 3 is i n 11 boxe s a nd is dated 1 903 -1920 (i'ncom· d ing an 
outgo i ng) . File 2 , wh i ch has the cal l numbe r UA V 630 . 17 .5, 
cont i n s co r rcs o nde nce fil e d i'n fold f · ers o r ind i v idual 
cor res ondcnts ra he th f r a n or al phabetica l d i vi sions, but 
th' s docs no ,c r to r ef l ec t any major diffe r enc e between 
the · es o c · ~er in the two files . File 2 is divided 
in o ·:o o ps , 15 boxes for 1875 to 1910 and 37 boxe s fo r 
1 9 1 1 0 1921 . ri 1 i n the s e fil e s is referred to by ' ,. c 
c 11 n , e , 
bee se 
0 olde r ; th i s is sufficient i n fo r mation 
ca 1 n rnber indi a t e s which file the l ett e r is 
in e boxes ~re 1 belled to show which folder s t hey 
co i (s cc all ilcs r e o r ga niz e d alphabetically) . In 
d i ion 0 h s ·iles t here are four boxes of l e tte rs from 
eminen ic n s ronome rs unde r the call numbe r UA V 630 . 17 . 7 
an 0 e o .· 0 1 crs f r om emine nt foreign a s t r onomers 
u n er he Cc 11 numb r UA V 630 . 17 . 8 . 
I n i ion t o th e official observa t o r y c o rre s pondence 
I u se t wo o ther r e l e vant coll e ctions in t he Ha r va r d Archive s. 
Two bo x s of E wa r d c . Pickering ' s private l e tte rs are under 
c 11 number II UG 1609 . 4 . Some of Williami na Fl eming 's 
corr span ne e and scrapbook of notices on he r dea th are 
pre s e rve d und e r call number HUG 1 39 6. 
The v st majority of t h is mater i a l h a s nothing to 
do with the position of women at Harva r d , but the r e is no 
w y of s epar ting out the relevant mate r ial except by 
ex mi n tion . Lette r books Al to Al 9 and Fil e s 1 and 2 were 
thoroughly studied , and mos t of t he r es t of the ma t e rial was 
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at least looked over for familiar names. In dealing with 
the women at Harvard th' t · is ma e rial is limited by the fact 
that when they were at the Observatory there was no need to 
write letters , but there is still much valuable information 
about the position of women at Harvard and also correspondences 
wi th women at the women's colleges . It is mostly in the 
form of sm 11 clues , but the assembly of enough small clues 
can give a reasonably coherent picture . 
Radcliffe 
The Radcliffe rchives in the Schlesinge r Library, 
Cambridg , ass ., contain less relevant materia l. Under 
the call number R75 - 23 is a lecture book containing notes 
by Professor Searle for the course he taught at Radcliffe, 
the manuscript of a brief but inte r esting autobiography 
by Searle, and course materials . A few original letters 
about the te ching of astronomy at Radcliffe are in the 
Radcliffe College records in Record Group I, series 1, volume 
1 . This last is closed material , and I am grateful to 
President Matina Horner for permission to examine it. 
The catalogue of courses and annual reports of the Society 
for the Collegiate Instruction of Women, as Radcliffe College 
was originally called , are found under the call number Rad. C. 1. 
In the Schlesinger Library manuscript collection (which is 
different from the Radcliffe Archives although located in 
the same library ) under call number B-6 there is a series 
of l etters and papers concerning an exhibit on women in 
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science prepared by Radcliffe for t he Harvard tercentennial 
in 1936 , but it contains only reprint s o f published papers 
and letters re lying to requests for pap e rs. The Radcliffe 
materi 1 yiel ed an interesting · t pie ure of t he early history 
of astronomy t R clif fe which is not ful l y p r e sente d in 
this thesis beca se of space limitations . 
T e ss r Col ege rchives , in the Special Collections 
roo o ss r College Library , Poughkeepsie , N. Y., 
pro i e the b sis for the description of the hi story of 
as ro o SS r . I examined the files containing 
the en · o · s ronomy correspondence , t he file on 
ar n he h nd ritten annual r eport s o f the 
obser tor The e r ment of astronomy co r re s pondence 
cont ins num er of v ry revealing personal l e tte rs. Vassar 
also h s n x cnsive collection of letters and pa pers of 
aria i chcll, but time prevented the study of t he s e . 
The Biogr phical Register , 1939 (by Vassar College, 
Bulletin of Vass r College , Poughkeepsie , N. Y., 1939) was 
consul ed to find the c reers of Vassa r gr adua t e s who had 
done astronomic 1 work . 
Mount Holyoke 
The Mount Holyoke College arch ive s in t he Co l l ege 
History Collection in Williston Memori a l Library , South Hadley, 
M ss ., contain simil r materia l s . The f il e o n the observatory 
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contains a useful manuscript history f o astronomy at Mount 
Hol yok written by Alice H. Farnsworth and a number of letters 
and clippings . The files on Elizabeth M. Bardwell and Anne 
s . oung include let ers and clippings d an some particularly 
fine pho o r hs . Unfortunately , there are very few personal 
let ers rel ec o ast onomy at lount Holyoke . The 100 
e r Biogr 1 Directory of ount Holyoke College 1837-1937 
(b t e 11 n e / sso iation of ount Holyoke College, South 
Ha le , . :iss .: 11 m e ssociation , 1937) was a source for 
he c rec s o g a ates . 
Smi 
mi·h olle e has a p rticularly good collection of 
m teri 1 o th o scrv ory an the depa rtmen t of astronomy 
e Coll rchi cs , in the eilson Library , Northampton, 
ss . Th1.;,; o.·es file under the department of astronomy 
cont in an intercs ing assortment of l etters about equipment 
an rcse r h . The f ilc for Mary Byrd contains a six page 
biography one by Ri hard Serena , some short memoirs of her 
by her pupils , nd some beautiful personal letters. I also 
studied the handwritten annual reports , which are informal 
and inform tive, and the Biographical Register 1871-1935 
(by the Alumn e Associ tion of Smith College, Northampton, 
Mass.: Smith Coll ge , 1935). 
Wellesley 
At Wellesley College I examined the archival material 
on s rah Whiting and Annie Cannon in the College Archives in 
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the Wellesley College Library , Welles l ey , Mass. The file 
on Sarah Whiting contains some interest ing letters and a 
particularly complete and personal histo r y o f the phy sics 
department from 1878 to 1912 written by Wh' t ' l ing . The Annie 
J . Cannon file contains letters to Mary E. La t h r op and Edith 
Tufts which say little about her astronomica l wo r k . 
Swarthmore 
The official archives at Swarthmore Col l ege , the 
Friends Historical Library in the Swarthmore Col l ege 
Library , Swarthmore , Penn ., has only a few letters t o and 
from the professor of astronomy in the late nineteenth and 
early twentieth centuries , Susan J . Cunningham . However, 
Dr . Sarah Lee Lippincott , present director of the Sproul 
Observatory of Swarthmore College , kindly let me exami ne 
Cunningh m' s notebooks , which are still kept a t the observatory. 
These consist of 27 notebooks of weather records, obse r vations, 
and computations , a portfolio containing the t ype scrip t 
of a paper , and 11 notebooks containing notes fo r popular 
lectures and a variety of courses on astronomy a nd ma thematics. 
Annie J . Cannon Papers Belonging 
to Margaret Mayall 
I am also grateful to Margaret Maya ll for permission 
to study Annie Cannon ' s diaries and l e tte rs. The s e were 
examined in Margaret Maya l l ' s home i n Cambridge, Mass. The 
diaries from before 1925 , which un fortuna t e l y leave a ga p 
from about 1890 to 1910 , were examined c a r efully . The 
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account of Cannon's activities in h t e diaries is interesting, 
but except for the very early years h t ey contain little 
re flection on her position and what h er work meant to her. 
Interviews 
Helen Sawyer Hogg 
Helen Hogg was interviewed on August 16, 1976, in 
Dunstable, A graduate of Mount Holyoke College, she 
received a Ph . D, in astronomy from Harvard in 1931. In 
ass . 
the interview , which unfortunately was not taped, she talked 
about the position of the early graduate students in 
astronomy , her own career , and what she remembered of the 
other women . 
Ellen Dorrit Hoffleit 
Dorrit Hoffleit was interviewed on November 11, 
1976, at Yale University in New Haven, Conn. Also an early 
graduate student , she got her Ph.D. from Harvard in 1938. 
She had wonderful stories to tell about the earlier women 
whom she had known , and discussed how much the director, 
Shapley, had encouraged her in her career. This interview 
is preserved on tape. 
Margaret Harwood 
Margaret Harwood was interviewed on December 1, 1976, 
in her home in Cambridge, Mass. A graduate of Radcliffe, 
class of 1907, she worked at Harvard from 1907 to 1912 and 
b t f the Nantucket then became the director of the o serva ory o 
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Maria Mitchell Association in 1916. 
She held this position 
until 1957, spending a number of winters 
working at Harvard. 
In the interview she told of her own experiences at the 
Observatory . Her recollections are particularly valuable 
because she is the only woman interviewed who was at the 
Observatory when Pickering was director (she is now 92 
years old) . This interview was taped . 
Margaret Walton ayall 
!argaret ayall was interviewed on December 8, 1976, 
in Cambridge , ass . She is a graduate of Swarthmore College 
and worked at Harvard from 1924 - 43 and 1946-54. Because 
she was for many years Annie Cannon 's chief assistant she was 
able to tell me much about Cannon , and also about her own 
career . This interview was also taped . 
Cecilia Payne - Gaposchkin 
Cecilia Payne - Gaposchkin has g iven me help with this 
thesis on a number of occasions. I interviewed her formally 
on March 7 , 1977 , after she had read my first draft of the 
chapter on the scientific work of the women at Harvard, and 
she was able to give me valuable information about areas which 
she felt I h ad not given enough attention . This interview 
is preserved on tape . She also kindly allowed me to read 
a few chapters of her unpublished autobiography, and to quote 
from it. In addition , I r ead the transcript of an interview 
wi th Dr. Payne - Gaposchkin conducted by Owen Gingerich on 
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March 5, 1968, in Cambridge, Mass. Th' is transcript is 
preserved in the Niels Bohr Library of the American Institute 
of Physics, in New York, N.Y. 
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